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pv N G read and aided the De- 
ſign of the ſeveral Books hitherto pub- 
liſhed * the Explanation of the Nxwro- 
NIAN PHILOSsorHY, under the Titles of 
| Commentariel, 'C ourſes, Eſſays, Elements SV 
tems, &c. I obſerved not one of them all 
eduld be juſtly eſteemed a Tnuk SysTEM, 
or ComeLEeaT Bopy of this Science. 
I wovLD not-here be underſtood to have 
any Deſign of depreciating the Labours of 
thoſe Gentlemen who have gone before me 
on this Subject; I only would intimate that 
their Views and Deſigns were very dif- 
ferent from mine, which 1s to preſent the 
World with a PaysIco-MATHEMATICAL 
TREASURY of NATURAL KNOWLEDGE upon 
the Principles of the Newtonian Philoſophy ; 
which I have been chiefly enabled to effect 
from the Abundance of Materials ſupplied 
by the Authors of the Treatiſes in the fol- 
lowing Catalogue, each of which is excel- 
lently good in his Way. 

So that if the Caſe be truly ſtated, my 
Book may be looked upon as a General Com- 
Ponies or Abridgment of all theirs. For as 


A 2 they 


* 
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PREFACE. 
they ave all lain before me, I have con- 
ſtantly collated them upon every particular 
Subject, as I proceeded through the Work, 
and ſelected the beſt. of every Thing I could 
find for my own Compoſition. = i 
HeNce it is, that where ſome of them 
have been very prolir, my Labour has been 
to abridge or reduce them to a Compendium 
of Principles and Eſſential Propoſitions only. 
Thus Keill on the Subject of Motion and 
Aſtronomy, Muſchenbroek on Coheſion, Sir 
Tſaac Newton on Optics, &c. have all been 

treated. „ 
As Redundancy on the one Hand has been 
avoided, ſo their Deficiencies on the other 
have been ſupplied. Thus Keill's Introduc- 
tion to Philoſophy relates to the Mechanical 
Part only. Profeſſor Muſchenbroek has 
wholly omitted the grand Article of Afrono- |. 
my, and the Phyſical Cauſes of the Celeſtial + 
Motions and Phenomena. Dr. Deſaguliers 
has thought fit to omit the moſt eſſential Sci- 
ence of Optics, and is almoſt wholly taken, 
up on Mechanical and Hydroſtatical Sub- 
jects. Yea, the beſt and moſt general Writer 
S'Graveſande, in his laſt large Edition of his 
Elements, falls far ſhort of.a general Syſtem 
or Body of Philofephy, in various important 
Subjects, as will eaſily appear, by comparing 
his Table of Contents with mine, "Ws 
1 TAKE 


PRE FA C E. 


I rAkk no notice of leſſer Tracts, finee 


few of them pretend to any thing Syſtema- 
_ tically; and they who do, propofe it with 


\ 


Ly 


reſtricted Views, either to the Theory only, 
or elſe to ſome principal Parts or Branches 
of the Science. Thus op s Principles 


of Philaſophy amount to little mote than a Re- 
hearſal of Theſes, with ſcarce any Demonſtra- 
tions throughout. Helſbam's Lectures are 
admirably good as far as they go. And the 
Lectures, lately publiſhed by the Abbe Nollet, 
are but a Part of his Work, and are indeed 
excellent Philoſophical | Sermons or Declama- 
tions, and ſtrictly in the French yu and 
T, afte „„ 

Bur what others have done is not ſo 
much the Deſign of this Preface to relate, as 
what I have done Myſelf in this Treatiſe, 


which I ſhall ſpecify under un following 


Heads. 


Finsr, I have 8 to compile a 
Compleat Syſtem of Philoſophy, from the great 


Fund of Materials which the Writings and 


Inventions of the Moderns have ſupplied me 
with. Unger this Head I have had regard 


only to the Choice and Propriety of the Sub- 


* and their Order and Diſpoſition, or 


+ 
The Lord Reſtommon obſerves, 


„The weighty Bullion of one Sterling Line, 
Drawn to French Fire, would thro' whole pages ſhine. 
23 due 


5 Wheel-Carriages, | 


* 
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"Ol Arrangement i in the Body of the Work. 


Hence it is that I have admitted nothing that 


1s not of a phyſical Nature, and omitted no- 


thing that is fo, as far as the Limits of my 


preſcribed Form would admit me to go. Nor 


are theſe ſo ſtrait as not to be comprehenſive. 
of every material Branch of natural Science, 


or conſiderable Phænomenon, as will eaſily 


appear from a View of the Contents and Index. 


SECONDLY, What has been wrote upon 
each Subject in every Part of the Science has 
been carefully examined, and ſuch an Extract 
made. as was judged to give a ſufficient Tdea 


or Notion thereof to the Reader. And where 


I thought a more extenſive View could be of 
Service, I have conſtantly referred to the 
beſt Authors on the Subject. 
TR DLT, If from the whole Account, 
given by others, of any particular Branch 


of Science, I could not collect what ſufficed 


for an entire Sketch, 1 have endeavoured to 


ſupply thoſe Deficiencies, in order to render 
every Part compleat, and fave the Reader 


the Trouble of turning to ſeveral Authors 
for that Purpoſe. Remarkable Inſtances of 
this may be found under the _ of 

tydraulics, Optics, &c. | 
FourTHLY, If the Method of repreſent- 


ing or demonſtrating any Subject or apo. | 


fition by others has not been judged 10 clear, 
| conciſe 


4 
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conciſe or natural as was neceſſary, I have 


propoſed it in my own Way, to anfwer this 
important End: For the greateſt Excellency 


of a Demonſtration is Concifeneſs and Per- 


ſpicuity. The Want of this is a great Diſ- 
couragement to Phyſical Enguiries, as I am 
but too well convinced of by my own Ex- 
perience, and that of many others. 
Ft THL, According to the different Na- 
ture of the Subject, a various Proceſs has 
been made uſe of to explain or illuſtrate the 
ſame. Thus ſome Things require a Phyfical, 
others a Mechanical, ſome a Geometrical, and 
ſome an Experimental Proof, which have 
been accordingly applied, ſometimes. ſingly, 
ſometimes two or more, and ſometimes al- 
together. Thus from Phenomena we inſti- 
tute a Ratiocination concerning the Mate- 
riality, the Velocity, different Magnitudes, 
Colours, and other Affections of hs Parti- 
cles of Light. Then the Laws of Reflection 
and Refraction are explained by Mechanical 
Principles relating to the Motion and Action 
of Bodies one upon another. Again, The 
Principles of Geometry are call'd in to explain 
and account for the Effects of Mirrours, 
Lenſes, Optic Inſtruments, the Rainbow, &c. 
And, laſtly, thoſe vari Phznomena are 
repreſented, and the Manner how they trop: 
on explained 5 Experiments. 


A4 | \SIXTHLY, 
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SixTRLr, I have all along applied the 
Newtonian” Geometry, that is, the Fluxionary 
Calculus, for the Demonſtrations, which I 
think is with the greateſt Propriety and Juſt- 

neſs in Phyſical Matters, becauſe the Prin- 
ciples of this Geometry are in themſelves 
1 ſtrictly Philoſophical, as F have ſhewn in its 


2 — ue me 1 Tn tPTD 


proper Place *. Beſides, the Proceſs ig not 
only rendered by this Means much more 
congruous and _ but more evident 
and conciſe than hy the common Methods 

of Demonſtration-4t could be. Of this we 
have a ſignal Inſtance in the Calculation of 

the Angle, which the Incident Ray makes 
with the laſt refracted Ray in a Drop of 
Water, as will appear by comparing what 

is here contained in F. Boln, to Amot. . 

bs . CXXIV. with what you find on this Head 
| » in other Authors. | 
„ 4 SEVENTHLY, As the Bounds of this 
Science have been of late Years vaſtly ex- 
tended, ſo I have been very careful to treas 
ſure up every uſeful Invention, and given a 
ſhort hiſtorical Account of the ſame, and 
the Names of the Authors. If in any of 
them I found an Improvement could, be 
made, I have done it, as in the Air- Pump, 
1 © Sec Vol. I. of ematical INSTITUTIONS, pub- 


liſhed in the GENERAL MAGAZINE of ART8 and 
 S$c1ENcEs. | 4A 


the 
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the Microſcope, &c. or hinted it to the Rea- 
der, as in Caſe of the Air or Steam- Gun. 
_ ErcHTHLY, I find by common Experi- 
ence nothing tends more to the Conception 
and enlivening an Idea, and fixing it in the 
Memory, than a good Delineztion of the 
Figure or Form thereof. Hence it 1s that 
the Reader will here find a greater Number 
of Copper-Plate Figures than in any other 
Treatiſe of this Kind, of its Size. And if I 
tell him they were all done by the ingenious 
Mr. Bowen (Geocrarntr to his MajasTyY) | 
it may likewiſe prepoſſeſs him in Favour » 
of their Goodneſs ; which though an indirect 
and collateral, is yet no inconſiderable Ar- 
gument to recommend a Book of this Kind. 
NinTHLyY, I have delivered the Whole 
by way of LecTurszs, and ANNOTATIONS | 
thereto, (a Method of late Years the moſt 
uſed and approved of) not only becauſe, 
the Reader is by this Means led through a 
SYSTEM of PHIiLosoPHY, Without being 
confined to the Irkſomeneſs of a preciſe and 
regular Path, and a ſimultaneous Proſpect 
or View of the Whole at once; but alſo be- 
cauſe that vaſt Variety of Things, which here 
. Preſent themſelves, may, have the Pleaſure 
that attends Variety heightened and encreaſed 
by emerging freſh to his View as he paſſes 
along, and regaling him with 3 


It 
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1 ſtill novel and unexpected. Ariat ations ſeem 
[| to anſwer the End of Scenes in a Play ; ; they 
[| Preſent the Whole moſt agreeably in Parts, 
( which thus more immediately affects us, 
| and gives us the greateſt Pleaſure and En- 
| tertainment. | 
1 Tus much for the Oeconomy of the 
| Work ; and as it is manifeſtly calculated for 
; | a general Good, fo I believe none will find 
| F fault with the Veſig n. As to the Manner 
| of executing it, I < Ki done it as well as I - 
could ; and if any one thinks me deficient in ' 
any thing, let him qualify his Criticiſm by 
' conſidering that I pretend not to Infallibility, 
but only where I give a plain and clear De- 
monſtration. In this, if I am not under- - 
| ſtood ſometimes, I am not perhaps to be 
blamed ; for FI! appeal to Envy itſelf, if 
the Manner of the Demonſtration, where 
-moſt difficult, be not as plain and as obvious 
as the Nature of the Thing will admit. And 
here it will be proper to obſerve, that al- 
though I have made uſe of Geometry, Alge- 
. Gra, and Fluxions, to inveſtigate the Truth 
of all the principal Propoſitions in Philoſo- 
phy, yet as I cannot ſuppoſe Readers in ge- 
neral qualified to 1 it in that Man- 
ner, 1 have been” careful to expreſs the 
Reſult of every Proceſs in plain Englift; ſo | 


22 * one may knqw what is the Truth, 
though | 
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though he cannot be ſo properly faid to un- 
4 derſtang it. For Inſtances of what I now 
ſpeak of, ſee the ſeveral Articles of Annotat. 
XXVII, XXXIV, and XLVII. 

I do not know that I have advanced any 
thing here, which I have not one Way or 
another proved to be true; however, I de- 
fire.that nothing but what 1s demonſtrated 
may be accounted to deſerve the Title of 
NewToONIAnN PHILOSOPHY, Our Great Au- 
thor ſeemed quite averſe to Hypotheſes ; and 
though he indulged them to others under 
Proper Reſtrictions, yet did himſelf never 
make uſe of this fallacious Way of Reaſoning, 

though he has been unjuſtly charged there- 
with by ſome, who, by National Inſti, 
ſcorn to ſubſcribe to any Syſtem but of their 
own making. Hense it is we often hear 
them babbling about Newton's Hypotheſes, 
&c. and making unſufferable Compariſons 
between him and Deſcartes and Leibnits- 
One would think they who knew but little 
of Philoſophy would yet Tee no Reaſon for a 
Parallel between a Syſtem of Philoſophy that 
1s founded on nothing but Demonſtration, 
and is every Way comportant with Phæ- 
= and one that is wholly hypothetical, 
nd, inſtead of accounting for, runs counter 


to every thing that appears! I think it is 
little _ (not to ſay Yain-Gbry) for a 


Man 


5 
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Man to-boaſt that his Philoſophy 7s not that 
of Newtorn®, till, he has firſt ſatisfied the 
World his Abilities and Diſcernment into 
the Nature of Things are greater than thoſe 
of Sir Jaac. This I am well aſſured of, 
that the greater Share of Mathematical 
Knowledge any Man has, the more readily 
he embraces Sir 1/aac's Principles; and I 
ſcarce ever found any that oppugn'd Sir 
Tſaacy but who were either groſsly ignorant 
f what they deſpiſed, or were actuated by 
ſome particular Views. In ſhort, nothing 
but Pride, Prejudice, and Ignorance, will 
ever ſtir up Enemies to the Newtonian Phi- 


| 4200 . | 
HEY Who depreciate this Philoſophy by 
the Term Hypotheſis, ſeem to me not to have 
read (atleaſt not conſidered) what Sir Iſaac has 
wrote, When he tells us, That in Experi- 
6 mentdl- Philoſophy, Hypotheſes are not to 
be regarded. What I. call AfrTRACTION 
% may be performed by ImeuLsE, or by 
“ ſome orHER Means unknown to me. 
* T uſe that Word to ſignify only in general 
& any Fonck by which Bodies tend towards 
© one another, whatſoever be the Cauſe+#® 
After our illuſtrious Author had thus ex- 


preſgly 


* See the Preface of Abbot NoLLer” s Leons de Phyſeque. 
* Or rios, . 31. See alſo the Definitions of his 
| Principia. | / 
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preſsly diſclaimed all Hyp otheſes,, and ſo 
fully explained his Sentiments about the 
Power which he calls Altraction, is it not 
very wonderful to hear a Set of People 
charging him with founding his Philoſophy on 
the Hypotheſis of Gravity? Will theſe very 
ſagacious gentlemen allow any Power at all 
is concerned in the 7. endenicy of one Body to 
another? If they do, is it not becauſe it is 
impoſlible to 5 Bodies acting at a 
Diſtance upon each other without? If ſo, is 
not the Exiſtence of ſuch a Power a Reality 
in Nature? And can ſuch a Force then 
be called an Hypothefis ? Surely not. Again, 
their accuſing dir {aac for accounting for 
Things by Attraction, is meer cavilling about 
Words, and begging him guilty; he de- 
dlares he knows not the Manner in which 
the Force acts, whether by Attraction or 
Impulſion, or otherwiſe; but as ſome Name 
muſt be given it, why may not he call it 
by that of Attraction or Gravity, as well as 
by any other? Not that this great Man did 
even this without a Reaſon ; for 'tis evident 
from a thouſand Experiments and Phæno- 
mena, that this is much more like the Ef- 
feet of one Body's drauing than impelling 

another towards it. 
Bur ſo far is Sir Iſaac from ſuppofing that 
Bodies tend to ech other by ATTRACTION, 
that 


_—— ES 


6 c I 6 


— * — * — - Fo 
— — SLA 3 * * P * * 2 rn — — = 
"0 


Tm — 
yr, — TH 
— 


22 . — id 
—— 2 2 * =; v 
_ « 


* TOE z 
— r 
r * — 
. 
\ 


— —— — 


. 


1E 
— 


» 19997 ©. ne 


—_— 


ls. da 


ꝗ6—̃—m— A©. 


r 
1 


3 
- 


I "100 3 5 — — —— — - — — 
. ˙ — — — „r 


2 


wane og „ 
44. Ah GAS 


0 2 "4 — 
5 Sr 23 yi OY 
» — l 
— —— — — — 


EF r WW A ere” \ 


OS Ra <4 TI ti 


Spirit or Æther. 


nt % 


PREFACE. 


that he once tondelbotided _ form an Hy- " 
- potheſis to ſhew that it might be done by 


ImevLs1oN, and that of a very ſubtle Elaſtic 
But as he was not able to 
prove the Exiſtence of any ſuch Thing, he 


ſeemed not at all delighted with the Thought, 
nor ever laid any Streſs upon it; and accord- 


ingly we have not admitted it as a Principle 
of the Newtonian Philoſophy. Befides, ſup- 
poſe this could, be proved, we ſhould ſtill 
be at a loſs toaccount for the material Cauſe 
of this very great Elaſtic Power between the 


Particles of this ther; we ſhould indeed 
advance three or four Steps higher on the 
infinite Ladder, but ſhould be equally non- . 
plus d with the mechanical Cauſe of Elaſticity 
then, as we are at preſent with that of Gra- 


vity. But after all, *tis evident by Experi- 
ments that this Power which actuates Bodies, 
whatever it be, is not either Attractive or 
Repulſive ſolely; but it produces both the 
different Effects in different Circumſtances of 


Diſtances. Thus the Loadſtone at one Diſ- 
tance moves the Needle towards itſelf, at 
another Diſtance it cauſes it fo recede or move 


the contrary Way. This Power in Iron is 


attractive, if touched upon the Stone in one 


Direction ; but if in a contrary it becomes 
repulſive. The ſame ambiguous Properties 


of this Power obtain in Electricity, and un- 


doubtedly 


* 
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doubtedly in all other Sorts of Attractions. 
Therefore, before we Tet ourſelves about 
finding out a Power, Spirit, or tber, that 
ſhall move Bodies either by Attraction or 
Repulſion, it is in the firſt place neceſſary to 
gur out an Agent that ſhall do both; for 
ſuch a Principle is at preſent the Deſiderutum 
to our further Advances in the Reſearch of 
natural Cauſes. © 28 | 

Ir is ſometimes ſurprizing, to ebter vez 
how very fond People ſeem of this ſubtle 
iber; one accounts for the Cauſe of Gra- 
vity thereby, another for Maſcular Motion, 
a, third for Electricity, a fourth from hence 
derives Animal Spirits, a fifth Elementary 
Fire: And, in ſhort, we want nothing but 
the Proof if fuch an tber to account for 
almoſt every Thing by it, But is it not a 
| prepoſterous Proceeding to account for any 

Thing by a Principle in itfelf unaccountable, 
and utterly unknown ? 3 

However,” we are arrived at great Dex- 
terity ſince Sir Taac's Time; for we can now 
almoſt proye the Exiftence « of this Æther by 
the Phznomena of Electricity; and then we 
find it very eaſy to prove that Electricity is 
nothing but this very Æther candenſed and 
made to ſhine, But, I believe, when we 
enquire into the Nature and Properties of 
this Æther and Electricity, we ſhall find 
them 


> 
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them ſo very different and diſſimilar, 50 


we cannot eaſily conceive how they ſhould 


thus mutually prove each other. For ac- 
cording to Sir 1/aac, this Æther 1s the moſt 
ſubtle of all Bodies, and conſiſts of Particles 
(of courſe) very much ſmaller than thoſe 
of Light, and which have a much greater 
Velocity; this ther therefore pervades 
with the greateſt Freedom all Bodies, actu- 
ates their Parts, Sc. But on the other hand, 
we find by Experiments that the Fire of 
EleQricity is a very groſs Subſtance ; for it 
daſhes againſt the Surface of Glaſs like ſo 
r Water, and does not enten the Pores, 
as Light does, that is ſo much groſſer than 
Ather. This is ſtill made more plain and 
demonſtrable by electrifying a Wire in an 
exhauſted Receiver, where the Electri icity 
iſſues out in much greater ABundance, and 
in divers Jets, ſtriking againſt the Sides of 
the Glaſs, and appearing to run down by 

the Sides in all reſpects like Liquid Pho/- 
phorus; and is no ways reflected or 1 47 
like common Light, or even like the Light 
of a Candle; For if a Candle be viewed 
through a Priſm, the Light coming from 
every Part thereof is refracted, and the 
whole Flame is coloured and diſtorted; 
but it is quite otherwiſe with the Flame of 
ke Fire, for 4 often made that much 
larger 
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larger than the Flame of a Candle, and 


viewed it through the Priſm, but no Co- 


lours were thereby produced, no different 


Form of Flame, but every way. the ſame 
as it appears to the naked Eye. Indeed the 
denſer Part, juſt upon the Tip of the Iron 


whence the Blaze diverged, appeared a lit- 


tle tinged with Colours; which I take to 


proceed from ſome common Solar Light 


intermixed with that of Electricity. From 


hence (and for many other Reaſons I could 
name) 1 ſee no cauſe to believe that the 


Matter of Electricity is any thing like the 
Idea we ought to have of the Spiritus fubtrli/- 


ſimus of Sir Iſaac. Nor indeed can it be the 


ſame with the Matter of common Light, 
which is differently reflexible and refrangi- 
ble; whereas this appears not to be ſo, but 
is a particular Sort of Light, and nearly the 
ſame as Phoſphorus, which I could never ob- 
ſerve to exhibit the leaſt Appearance of Co- 


lours through the Priſm. The Smell alſo 


of Electrical Fire is ſo very much like that of 
Phoſphorus, that one may be eaſily induced 


to believe a great Part of the Compaſition of 
both is the ſame. 


As ta the Doctrine of ELEMNHN TS and 


Elementary Fire, we leave that to others, 
and expatiate only on the noble Theory of 
—_— and Fire left us by our incomparable 


Yor. I. A Author, 


. | 8 
1 | Author, who juſtly conſiders them as they 
1 = are in Nature, illuſtrates all their Properties | 
\ | and Qualities, and applies them to the 
Wt Explication of a great Number of the moſt 
wi intereſting and important Phznomena of 
"Wi Nature. The Newtonian Doctrine of Ele 
Will! - ments is of the Singular Number: One Sort 
10 of Matter only makes the Subſtance of all 
q "i the infinite Variety of Bodies we behold. 
Mitt Thus our Author ſpeaks : It ſeems pro- 
Wi 4 bable to me, That Gop in the Beginning 
wa formed Matter in ſolid, maſſy, hard, im- 
1188 e 'penetrable,' moveable Particles, of ſuch 
vi % Sizes and Figures, and with ſuch other 
1 Properties, and in ſuch Proportion to 
Will  - Space, as moſt conduced to the End for 
. < which he formed them. — Now by Virtue 
itt U „of certain active Principles or Powers, 
Will all material Things ſeem to have been 
Wilt! . compoſed of the 'above-mentioned Par- 
Wi -«« ticles, varioufly*:affociated in the firſt 
In! Creation, by the Counſel of in intelligent 
i | 0 Agent.? 1 #357 5. TS 
1/1 Io conclude: It was an Obſervation wor- 
. khy of ſo great a Genius as Mr. Cotes,” that 
Will the Newtoman Philoſophy was our (mutipifi- 


19 mum prafidium adverſus' Atbeorum impetus) 
beſt Defence againſt the Efforts and Aſſaults 
[ of Atheiſts. —That herein we more nearly 
Hl  \ view the Majeſty of Nature, and enjoy it 


* re 


PREFACE. 
in the moſt grateful Contemplation ; at the 
ſame time we are excited more intenſely to 
worſhip and revere the CREATOR and 


Loxp of all Things. He ought to be re- 
puted blind, who cannot immediately behold, 
in the beſt and wiſeſt Structures of Things, 
the infinite Goodneſs and Wiſdom of the 
Omnipotent Architect; and mad, wa will 
not confeſs it. b | 
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LECTURE I. 


Of Ex EAIMRNTAL PHLOSO HY in general. 
Of the NRWTONMAN MEeTHoD and RuULEs | 
of Philoſopbizing. Of MaTTER in gene- 

ral, and its eſſential Properties, Of the 
CRNHCAL ELEMENTS or PRINCIPLES of 
Natural Bodies. Of ATTRACTION and 
ReevLe1oN. The Attraction of Conr- 
slow. Of the ConursionN of warious Sorts 
of Bodies. The Phenomena of CAariiLLaky 
Tuses. Of a Vacuum. The Rationale 
c various Proceſſes of CarMisTrRY, and 
other Arts. Of the principal Properties of 
ELECTRICAL Attraction and Repulſion. 
of MAGNETISM and its Laws; of the va- 
T10US Properties of the MAcneT in relation © 
to the Needle; its " Yantarion and IncLt- 

NATION, _ 


7 


H E Buſineſs of Teporittientsl Phi- 
| loſophy (the Subject of this Courſe 
of Lectures) is to enquire into and 

inveſtigate the —.— and Kaufes of the 

various Appearances (or Phenomena) of 

Nature; and to make the. Truth or Proba- 

bility thereof obvious and evident to the 
Vo L. I. 1 "WM __.. _ Senſes, 


Of the Properties of Bopixs. 
Senſes, by plain, undeniable, and adequate 


eriments, repreſenting the ſeveral Parts 
of the grand * and Agency of Na- 
ture. 

Is our Enquiries into Nature we are to 
be conducted by thoſe Rules and Maxims 
which are found to be genuine, and conſo- 
nant to a juſt Method of Phyſical Reaſon- 
ing: and theſe Rules of Philofophizing are, 
by the greateſt Maſter in this Science, (the 
incomparable Sir 1/azc Newton) . reckon'd 
Four; which I ſhall give, from his Prin- 
cipia, as follows : 


RULE I. More Cauſes of natural Things 
are not to be admitted, than. are both true and 
ſufficient to explain the Phenomena. For Na- 
ture does nothing in vain, but is ſimple, 
and delights not in {uperinons, Cauſes of 
Things. 
RULE II. And therefore of natural Bf 
fefts of the ſame Kind the ſame Cauſes are to be 
aſſigned as far as it can be done. As of Re-. 
ſpiration in Man and Beaſts : . Of the De- 
ſcent of Stones in Europe and America: Of 
Light in a culinary Fire and in the Sun; 
And of the Reflection of Light in the Earth 
and in the Planets. 

' "RULE III. The 2ualities of natural Bo- 
dies which cannot be increaſed or dimim;ſhed, 


and 


Of the Properties of BopiEsõ. 
and agree to all Bodies in which Experiments 


can be made, are to be reckoned as the Qualities 
of all Bodies whatſoever. Thus, becauſe Ex- 
tenſion, Divifibility, Hardneſs, Impenetra- 
bility, Mobility, the Vit Inertiæ, and Gra- 
vity, are found in all Bodies which fall un- 
der our Coguizance or Inſpection, we may 
juſtly conclude they belong to all Bodies 
Whatſoever ; and are therefore to be eſteemed 
the original and univerſal Properties of all 
natural Bodies. 

RULE IV. In Enperimental Philoſophy, 
Propoſitions collected from the Phenomena by 
Induftion are to be deemed (notwithſlanding 
contrary Hypotheſes) neither exactly or very 
nearly true, till other Phenomena . occur by 
which they may be rendered either. more accu= 
rate, or liable to Exception. This ought to 
be done, leſt Arguments of Induction ſhould 
be deſtroyed by Hypotheſes. 


Ix according to theſe. Rules we take a 

Survey of the viſible World, and ſtrictly 
examine the Nature of particular Bodies, 
we ſhall find Reaſon to conclude, that they 
all confiſt of one and the ſame Sort of Matter 
or Subſtance; and that all the Diverſity or 
Difference we obſerve among them ariſes 


only from the various Modifications and 
9 2 he 


- 


O the Properties of Bopixs. 

different Connection or Adheſion of the ſame 

primigenial Particles of Matter (I). 
MATTER, 


(I) Theſe four Rules of Philoſophizing are premiſed 
by Sir J/aac Newton to his Third Book of the Principia; 
and more particularly explained by him in his Optics, 
where he exhibits the Method of proceeding in Philoſo- 
phy in the following Words : te” 
1. As in Mathematics, ſo in Natural Philoſophy, 
the Inveſtigation of difficult Things by way of Anal 755 
ought always to precede the Method of Compoſition. This 

Analyſis confiſts in making Experiments and Obſervati- 
ons, and in drawing general Concluſions from them by 
Induction (i. e. Reaſoning from the Analogy of Things 
by natural Conſequence) and admitting no Objections 
- againſt the e en but what are taken from Experi- 

ments, or other certain Truths. And altho' the arguing 
from Experiments and Obſervation by Induction be no 
Demonſtration of general Concluſions; yet it is the beſt 
Way of 1 the Nature of Things admits of, 
and may be looked upon as ſo much the ſtronger by how 
much the Induction is more general. And if no Ex- 
ception occur from Phænomena, the Concluſion may be 
pronounced generally. But if at any Time afterwards, 
any Exceptions ſhall occur from Experiments, it may 
then be pronounced with ſuch Exceptions. By this Way 
of Analy/is we may proceed from Compounds to Ingre- 
dients, and from Motions to the Cauſes producing them; 
and in general from Effects to their Cauſes; and from 
particular Cauſes to more general ones, till the Argument 
ends in the moſt general. This is the Method of Ana- 
Iyſis. And that of Syntheſis (or Compoſition) conſiſts in 
aſſuming Cauſes diſcovered and eſtabliſhed as Principles, 
and. by them explaining the Phenomena proceeding from 
them, and proving the Explanations. 4 

2. That Matter or Subſtance is one and the ſame in all 
Bodies, and that all the Variety we obſerve ariſes from 
the various Forms and Shapes which it, puts on, is, I 
think, very probable, and may be concluded from a gene- 

ral Obſervation of the Procedure of Nature in the Gene- 
ration and Deſtruction of Bodies. Thus, for . 
| ater 
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MarTTER, thus variouſly modified, and 
configurated, conſtitutes an infinite Variety 
. of 


Water rarified by Heat. becomes Vapour; great Collec- 
tions of Vapours form Clouds; theſe condenſed deſcend 
in form of Rain or Hail; Part of this collected on the 
Earth conſtitutes Rivers; another Part mixing with the 
Earth enters into the Roots of Plants, and ſupplies Mat- 
ter to, and expends itſelf into various Species of Vege - 
tables. In each Vegetable it appears in one Shape in the 
Root, another in the Stall, another in the Flowers, an- 
other in the Seeds, &c. From hence various Bodies pro- 
ceed; from the Oak, Houſes, Ships, &c. from Hemp 
and Flax, we have Thread; from thence our various 
Kinds of Linen; from thence Garments ; theſe degene- 
Tate into Rags, which receive, from-the Mill; the va- 
rious Forms of Paper; hence our Books; which by Fire 
are converted partly into Water, partly into Oil, an- 
other Part into Air, a fourth Part into Salt, and a fifth 
into Earth; which are called the Elements of Bodies, 
and which mixed with common Earth, are again reſuſ- 

citated in various Forms of Bodies. | 
3. The ELEMENTS, or Principles to which all Bo- 
dies are ultimately reduced, are the five above mention - 
ed, viz.- (I.) WATER, or Phlegm (as it is call'd) which 
generally riſes and goes off firſt, as in the Chemical Ana- 
Iyſis of a Plant in a Retort by Fire. (2.) Arr, which 
eſcapes unſeen in great Quantities from all Bodies; and 
tho” it has not till lately been known to make a Part of 
natural Bodies in a fix'd State (and therefore never taken 
Notice of as an Element of natural Bodies) yet that it is 
ſo in a very remarkable Degree, (even ſo far as to make 
half the Subſtance of ſome Bodies) I ſhall give ſufficient 
Proof when I came to treat of artificial or factitious Air. 
(3) OIL, which appears ſwimming on the Top of the 
Water. (4.) SALT, which is either Folatile, or riſes in 
the Still, as that of Animal Subſtances ; or Hie d, as in 
Vegetables, and which is extracted by diſſolving them in 
Water from a Lixivium of the Aſhes, and afterwards by 
evaporating the Moiſture to a Pellicle, and ſetting the 
Salt to ſhogt into Chry/tals. (5.) EarTH, or what is 
| B 3 call'd 
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of Bodies, all which are found to have the 


following common Properties, viz. 


EXTENSION, or that by which it poſ- 
ſeſſes or takes up ſome Part of univerſal 
Space; which Space is call'd the PLAck of 
that Body, For all Bodies are extended ei- 
ther (1.) into Length only, and then it is 
called a LINE; or (2.) into Length and 
Breadth, which is called a SurkRTICIEsͤHT; or 
(3.) into Length, Breadth, and Depth, which 
then is called a SoLip. Theſe are the three 


Dimenſiont, according to the Quantity of 


which the Magnitude or Bulks of Bodies are 
eſtimated (11.) | 
4 SOLIDITY, 


call'd the Caput. Mortuum, being what remains of the 


Aſhes after the Salt is extracted, which can be no farther 


alter'd by any Art whatſoever. 


(II) The MacniTupe of Bodies is the Quantity of 


their Dimenſions expreſs'd in ſome common or ffandard 


Plate I.- 


Fig. 1. 


Plate I. 
Fig 2, 


Meaſure, as an Inch, a Foot, a Yard, &c. and it is thus 
eſtimated : | 
1. When Bodies. have but one Dimenſion, as Lines, 
then 1t is expreſs'd by the Number of Inches and Parts 
of an Inch contained in their Length : Thus the Dimen- 
ſion of the Line AB is 3 Inches; of CB 2 Inches; and 
the Compariſon of the Length of AB to CB is call'd the 
Proportion or Ratio; thus the Ratio of AB to CB is 
that of 3 to 2, or as it is uſually expreſs'd AB: CB 
: 3:2, And becauſe this Compariſon conſiſts of only 
one Ratio, it is ſaid to be a /imple * | 
2. Thoſe Bodies which have two Dimenſions, as Su- 
perhces, have their Magnitude expreſs'd by the Rectan- 
gle under both, or the Product of their Length by their 
Breadth; thus if any Surface ABCD has its ng 
ARB=4, and its Breadth BC=2; then its Dimenſian 
* (which 


- 
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Of the Properties of Bopixs. 
SOLIDITY, ſometimes called the I- 


PENETRABILITY of Matter, is that Proper- / 


ty 


(which in this Caſe is called the Area, or Superficial Con- 
tent) is thus expreſſed, AB xBC=4 x2=8; that is, 
there are eight ſmall Squares, which are ſquare Inches, 
ſquare Feet, &c. according to the Meaſure of the Sides. 

. If this Surface be compared with any. other, as 
EG, whoſe Length is FE=3, and Breadth FG=2; 
then their Magnitudes will be to each other as AB x BC 


to EF xFG, that is as 8 to 6, or as 4 to 3. And be- 


cauſe in this Compariſon each Term conſiſts of two 
Parts, or there is a twofold Ratio of Length to Length 
and Breadth to Breadth, therefore this is ſaid to be a 
Duplicate Ratio; and ſo all Surfaces are to each other 
in the Duplicate Ratio of their Sides. 

4. In like Manner all Solid Bodies, which have three 
Dimenſions, have their Magnitudes expreſs'd by the 
Product of their Length, Breadth, and Depth together. 
Thus if there be one Solid AG, whoſe Length AB=4, 
its Breadth AE ga, and Depth AD=3; and another 


Solid HO, whoſe Length HI=3, Breadth HM=1, and 
Depth HL=2; then will their Magnitudes be to each 
other as ABxBE x AD to HIx HM NHL, that is 4 * 


2X3=24 to ZXIX2=6, or as 24 to 6, And therefore 
Solids are ſaid to be in a triplicate Ratio, viz. of their 


Length, Breadth, and Depth or Thickneſs; and the 
\ ftendard Meaſure in this Caſe is call'd a Cubic Inch, 
Foot, c. becauſe of its being in the Form of a Dye, 


or Cube, which Figure is contained under 6 equal and 
rectangular Planes. | 

5. And here it will be neceſſary to advertiſe the Rea- 
der, that any Quantity is generally denoted by a fingle 
Letter, as A, B, Sc. and the Square of that Quantity 


by AxA or AA, or A“, B., Sc. and the Cube by A? 


or B. And when we expreſs the Ratio of two Quanti- 
ties A and B, it is uſually: thus, A: B; and when we 
compare this Ratio with any other, as of C to D,. we 
expreſs it thus, A:B::C:D. If both Terms of the 
Ratio increaſe or decreaſe together, the Ratio is ſaid to 
be dire, and expreſs'd as before: But if one Quantity 

B 4 increaſes 


Plate J. 
Fig. 4, 5 
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ty by which a Body excludes all others 
from the Place which itſelf poſſeſſeth; for 


it would be abſurd to ſuppoſe two Bodies 


could poſſeſs one and the ſame Place at the 
ſame Time. From this Definition it fol- 


Jows, that the ſofteſt Boates are equally ſolid 1 


with the hardef (III). | 
: DIVISI- 


Increaſes while the other decreaſes, and vice verſa, in 


- each Ratio; then they are expreſſed in a different Man- 


ner, viz. A B:: C: B, or A: C:: : 5. And the 


Addition of one Ratio A: B to another C: D is per- 
formed by multiplying the firſt Terms in each Ratio 


together, and alſo the laſt; and the Ratio of thoſe Pro- 
ducts AC: BD is the Sum of both the other. To ſquare 
any Ratio is to multiply it by itſelf A; BNA: B= 
A* : B*, and ſo the Cube of any Ratio, A: B is A* : BY 
If any would know more of the Nature of Ratios, they 
may conſult Dr. Sanderſon's Algebra, or my Logarith- 
mologia.. 

(III) FicurRABILITY is as neceſſary to Matter as 
any of the Properties abovementioned ; far fince Mattex 
is not infinite, it muſt be circumſcribed within certain 
Limits and Bqunds on every Part, which conſtitute the 
Figure of the Body; and as the Particles of Matter ma 
exiſt together in any Manner of Situation, ſo the Fi- 
gures or Form of Bodigs, which they compoſe, may be 
infinitely various and different from each other. | 
+ 2. On this Property ſeveral Things of Moment de- 
pend ; thus according to the ſeveral * of the Cor - 
puſcles, they will touch by a greater or leſſer Quantity 
of Surface, and ſo will cohere more or leſs firmly toge+ 


ther; from hence will ariſe various Qualities of Bodies, 


which are the foundation of moſt of the eonſiderable 
Fhænomena of Nature, as will be hereafter taken No- 


tice of. | 
| 41. Hence we may obſerve likewiſe, that Bodies of 
Une 
/ 


rent, Figures contain, under the ſame Quit of 
| 1 Surface, 
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Of the Properties of Bop1ts. 


DIVISIBILITY is that Property by which 
the Particles of Matter in all Bodies are ca- 
pable of a Separation of Diſunion from. each 
other. Hence the Reſoluton. or Diſſolution 
of Bodies into their conſtituent Corpuſcles, 
as in many Operations of Chemiſtry. How 
far this may actually obtain in Nature is 
not eaſy to ſay; But that Matter is infinitely 


divifible 


Surface, different Magnitudes or Bulks; thus a Circle 


contains a greater Arca under the ſame Length of Peri- 
phery, than any other figured Superficies; and a Sphere, 
under the ſame Quantity of Surfaces, contains a greater 
Bulk or Space, than any other ſolid whatever, 


4. Of all the infinite Variety of Forms or Figures, 


which Matter is liable to, there are only five which will 
admit the Particles of Matter; placed together, to fill the 
Space between them compleatly, or ſo as to leave no 
Pore, Vacuity, or Interſtice between them : and Bodies 
of theſe Forms have been known by the general Name 


of 7 Platonic Bodies, and are as follow: 


I. Tetrahedron, which has four equal triangular. Sides, 
2. Hexahedron, of fix equal ſquare Sides, viz. a Cubs, 
3. Ofahedron, of eight equal pentagonal Sides. 

4. Dodecahedron, of twelve equal triangular Sides. 

5. Icoſabedron, of twenty equal triangular Sides. 

5. Hence the Aſſerters of a Plenum are neceſſitated to 
prove, that tho' Matter 1s liable to an Infinity of Forms 
indifferently, yet all its Particles muſt have but ſome 
one of the five abovementioned; otherwiſe it would be 
as evident as an Axiom, that the Particles of Matter have 
a different Form, and- muſt therefore admit vacuities 
or Pores in the Compoſition of every Kind of Bodies. 
Tho' this Argument for a Vacuum has not been ob- 
ſerved, yet perhaps there is none more evident, geo- 
mettical and concluſive, foo 
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Plate I. 
Fig. 6. 


Plate J. 
Fig. 7. 


/ the Properties of BopiEs. 


diviſible in a mathematical Conſideration, is 

demonſtrable various Ways (IV). 
MOBILITY is that Property which all 
Bodies have, of being moveable or capable 
of changing their Situations or Places. This 
Property 


(IV) 1. The eaſieſt way to demonſtrate the infinite 


Diviſibility of Mattesr I'think, is the following. Let AB 


be the Length of a Particle to be divided ; through each 
Extreme, A and B, let there be drawn the Lines CD, 
EF parallel to each other : In the Line CD, between A 
and C, let there be taken any Point G; and in the Line 
EF, from B towards F, let there be taken any finite 
Number of Points, H, I, K, L, Sc. If now from the 
Point G we draw the Lines GH, GI, GK, GL, Oc. 
they will each of them cut off a Part of the given Par- 
ticle AB; and yet after all, a Part, PA, will remain * 
and ſince this will be the Caſe for any finite Number, it is 
plain the Particle AB contains a Number of Parts greatey 
than any finite Number, and therefore infinite. 
2. Another Demonſtration equally obvious is the fol- 
lowing, viz. Let AB be the Length of the given Par- 
ticle; thro' A draw CD, and in the Point E, at right 
Angles, draw the indefinite right Line EF, in which let 
there be any finite Number of Points taken, as G, H, 
I, K, Sc. on, theſe, as Centers, deſcribe the ſeveral 
Arches of Circles EL, EM, EN, EO, c. to cut the 


Particle AB, each of theſe will take off a Part, and yet 


there will be a Part, AP, remain: therefore, c. as before. 
5 3 Tho' we have no Poſſibility of an Inſtance of this 
infinite Diviſibility of Matter, yet Nature proceeds to- 
wards it to inconceivable Lengths in many of ber won- 
derful (tho' common) Operations. How minutely is 
Matter divided by Fire, as a Piece of Tallow, for In- 
ſtance, in a lighted Candle! What a prodigious Sphere 
or Space does the leaſt Flame fill with Particles of Light, 
or a Grain of Aa fœtida with odorous Particles How 
numerous and ſmall the Particles or Vapours arifing 
from the Surface of Fluids ! Or the Particles of Copper, 
which from a fingle Grain ſhall be diffuſed thro” * 
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Property of Matter is evident to all our 
Senſes; and what nobody has confeſſedly 


deny'd (V). 


THE VIS-INER TLA, (as Sir Jaac call'd it) 
or the Inactivity of Matter, is that Property 
of it, by which it endeavours to continue in 
its State either of Matian or Reft, or by which 
it reſiſts the Actions and Impreſſions of all 
othey Bodies which tend to generate or deſtroy 

tion therein (VI). 
ATTRAC- 
\ 


ſtance of many Millions of Times its own Quantity of 
Water, and tinge it of a different colour! But Inſtances 
of this Kind are endleſs. | 
(V) Des Cartes and his Followers, who deny a Va- 
cuum, do virtually deny Motion; for ſince Motion is the 
Tranſlation of a Body from one Part of Space to another, 
if there be no void Space, ſuch a Tranſlation muſt be 
made thro? a Space abſolutely filled with Matter, or not 
at all; if the firſt be aſſerted, it will follow that two 
Bodies may be in one and the ſame Place at once, which 
is abſurd ; therefore there can be no Motion at all upon 
their Principles. To ſay a Body may move in a Plenum, 
as a Bird moves thro' a Body of Air, or a Fiſh thro' 
Water, is ſaying nothing to the Purpoſe ; becauſe both 
Air and Water — with Vacuities, (as is well known 
from the Nature of each) whereas a Plenum admits of no 
vacuous Space, and therefore of no Motion of the Par- 
ticles, nor conſequently of any Body between them. Be- 
ſides, neither the Bird nor Fiſh would be able to continue 
in the Air or Water, were they not ſpecifically heavier 
than thoſe Fluids; but upon the Suppoſition of a Plenum, 
all ſpecific Gravity is taken away (as will be ſhewn) and 
lo the Caſe is not parallel, and therefore the Argument 
fallacious. | | 
(VI) This Power or Force of Matter ariſes wholly 
from its Sluggiſhneſs or Inactivity, and not at all from 
jts Gravity, as ſome (of no ſmall Name) have _ 
kenly 
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Plate J. 
Fig. 8. 
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22 Of the Properties of BoptEs. 
ATTRACTION is a Property that we 8 


find all Matter endued with in a greater or 
a leſſer Degree: By this Property the Parti- 
cles of Matter attract each other by a 
Power which cauſes them mutually to ac- 
cede to, or approach each other. This 
Tendency of one Body to another is called 
GRAVITATION, or, in the Abſtract, the 

GRAVI- 


kenly conceived of it. To make this Matter plain, ſup- 
| Poſe a Body A at reſt in the Point A, it would not of 
itſelf move out of that Point, unleſs by ſome external 
Force der gere Firſt, Suppoſe the Body abſolutely 
light, and it be required to move it from A to B, in a 
certain Time; to this End ſome Force muſt be applied 
acting in the Direction AB, by which, at the End of 
that Time, the Body will be found in B; and this 
Force once impreſſed will continue in the Body, and in 
every ſuch Particle of Time will carry it thro' a Space 
ual to AB. Secondly, Suppoſe now Gravity begins to 
act, and give the Body Motion, and that by the Power 
of Gravity the Body be carried from A to D in a Line, 
aſſing thro* the Earth's Centre, in the ſame Time as it 
fore moved from A to B; draw BC and DC equal 
and parallel to AD and AB; and it is evident all the 
Effect of Gravity will be only to cauſe the Body, du- 
ring that Time, to deſcend through Space equal to AD 
from the Line AB, and ſo in the End of that Time in- 
ſtead of being at B it will be in C; but ſince the Point 
C is as far from Das B is from A, it follows, that whe- 
ther Gravity acts or not, the ſame Space is deſcribed in 
the ſame Time in the Direction AB, and ſo the ſame 
Force is required to give it the Motion, which therefore 
has no relation to or Dependance on Gravity; but 
ariſes ſolely from the Nature of inactive Matter, and is 
on that Account ever proportional to the Number of 
Particles or Quantity of Matter in Bodies. | 
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Of the Properties of BoprxEs. 
Graviry or WEIGHT of Bodies (VII). 


REPULSION ſeems to be a Property | 


belonging to the ſmall Particles of Matter 
univerſally ; for they do not more evidently 
attract in ſome Circumſtances than they repel 
each other in others, as will be evident by Ex- 
periments, hereafter to be exhibited (VIII). 

| THESE 


(VII) This Power, or Virtue, was originally com- 
municated to all Matter by the Omnipotence of the 
Deity, and is no ways neceſſary to its Exiſtence ; there- 
fore I apprehend when Sir J/aae ſays, he is ignorant of 
the Cauſe of Gravity, he can only mean the particular 
Manner in which it is exerted from one Body, and in 
which it acts upon another, and not that he was igno- 
rant of the Source or Principle of Power whence it could 
be derived. But as the Manner in which it is exerted, 
ſo the Means by which it is propagated from one Body to 
another, is as yet unknown. To account for the ” ou 
pagation of this Virtue, as of Light, &c. *tis ſuppoſed 
that there is an exceeding fine imperceptible Medium 
or ethereal Spirit, diffuſed thro? all the Syſtem, and per- 
vading the Pores of all Bodies; that this Medium is ex- 
tremely elaſtic, and that by its Tremours and Undula- 
tions, which are almoſt inſtantaneous, the Emanations 
of the attracting Virtue, Light, &c are propagated with 


an immenſe Velocity, much after the ſame Manner as 


Sounds are conveyed by the undulatory Motion of the 
Air. By Means of this moſt ſubtle Spirit, *tis ſuppoſed, 
likewiſe, that electric Bodies exert their Power of at- 
tracting and repelling light Bodies at greater Diſtances; 
that Light is emitted, reflected, refracted, inflected, and 


| heats Bodies; that all Senfation is excited, and animal 


Motion. prrformad at Will; namely, by the Vibrations of 
this Spirit mutually propagated along the folid Filaments 
of the Nerves from the outward Organs of Senſe to the 
mA and from the Brain to the Muſcless.. 
il) Attraction and Repulfien differ in no 1 
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Of the Properties of Bonies. 


THEsE are the general Properties of 


Matter, which we muſt regard in our Ex- 


plications of the various Phænomena of Na- 


ture, in the Senſe we have defined them. 
Theſe are the ſeveral Data, or fundamental 
Principles on which the Science of Philoſo- 
phy depends, and which will each of them 


afford an ample Field both in the Hpeculative 
and practical Part, We ſhall (for the Sake 


of Method) begin with the Attraction of 
Bodies, conſider its ſeveral Species, and prove 
their Exiſtence and the Properties of each 


by Experiments. 


TR Power of Attraction, or Cauſe of 
Gravity, we preſume not to define, or ſay 
what it 1s, but only that it is, or does 
exiſt; and the Laws of its Action we ſhall 


ſpects than this, that the attracting Virtue in the firſt 
aſe carries Bodies towards the attracting Body, and in 


the latter it carries them From it. In each Caſe, the 


Particles are moved in the fame Manner among them- 
ſelves, by the Attracting, Electric or Magnetic Power, 
Some very eminent Philoſophers of late think different 
from Sir 1/aac Newton, who always aſſerted, that At- 


traction and Repulſion were two different and oppoſite 


Powers, but that the latter begun where the former end- 
ed; but theſe Gentlemen aſſert, they both belong to or 
begin originally from the Particles of Matter themſelves, 
and that thoſe which once attract or repel, always do ſo; 


however this Principle requires to be ſupported by more 


Experiments, and better Reaſons than we haye yet ſeen 
in its Favour, „ 
n endea- 
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endeavour to aſſign by what may be diſ- 
covered by Reaſon and Experiment. To 
this End we muſt conſider, that any Kind 
of Power or Virtue, proceeding or ' propagated 


om a Body in Right Lines every Way as 


rom a- Centre, muſt decreaſe in its Energy or 
Strength as the Squares of the Diſtances from 
the Body increaſe ; for tis evident, the Force 
will be every where as the Number of Par- 
ticles jiſſuing from the central Body on a 
given Space, which Number of Particles 
will decreaſe as the Squares of the Diſtances 
increaſe, Thus the Number of Particles 
which at one Diſtance AB, from a Point in 
the Body at A, falls on a Square Inch BEFG, 
will be four Times as great as the Number 
which falls on a Square Inch CHIK at 


twice that Diſtance AC; and nine Times as Plate II. 


15 


great as the Number which falls on the Fig. 1. 


ſquare Inch DLMN at three Times that Diſ- 
tance AD; and ſo on, as is evident from 
the Diagram. | - 
Hence, ſince we have no Reaſon to 
doubt but that all Kinds of Attraction con- 
fiſt in fine imperceptible Particles or invi- 
ſible Effluvia, which proceed from every 
Point in the Surface of the attracting Body, 


in all right lined Directions every way, 
which in their 3 lighting on other 


Bodies 


[ 


16 


3 


| The different Species of 
Bodies urge and ſollicit them towards the 
ſuperior attracting Body; therefore the Force 


or Intenſity of the attracting Power in ge- 
neral muſt always decreaſe as the Squares of 


the Diſtranees increaſe, 

Hencs alſo we may obſerve, by the way, 
that Light and Heat, Odours and Perfumes, 
which conſiſt of Particles or Efluvia that 
proceed every way from luminous, heated, 
and odoriferous Bodies, as from a Centre, 
have always their Forces abated according to 
the above Law. The Foree of Sounds alſo 
decreaſes in the ſame Proportion, for Reaſons 
that will be hereafter aſſigned. 

By virtue of attracting Power, the 5 


Machinery of the Solar Syſtem, and doubt- 
leſs of all the others in the Univerſe, is of- 


feed, eſtabliſhed, and conſerved. It is 


therefore of the greateſt Conſequence, to be 


acquainted with the different Species of this 
univerſal Power or Agent, and to learn by 


Experiments the peculiar Nature, Laws, or 
Manner of Action in each. Naturaliſts ge- 


nerally reckon Four different Sorts of At- 
traction, Viz, _ 
I. Taz Attraction of Counnon, which 


3s peculiar to _Corpuſcles or 


Particles of Matter, of which ene Bodies 
Are com pally by the Accretion and firm 


Adhe- 


= TW vw ww © a 


of ATTRACTION. 


Adheſion of theſe Particles, ariſing from 
their ſtrong attractive Power. 

II. Tug Attraftion of e 
which is peculiar to ſome Kinds of Bodies, 
as Glaſs, Amber, Sealing-wax, Sc. which are 
therefore called Electrical. 

III. Tux Attraction of MANETIsM, or 


of the Loadſtone, which is peculiar to, 


and mutual between the Loadſtone and 
Iron. 

IV. Tuz Attraction of GRAvITATION, 
which 1s obſervable only in the larger Com- 
poſitions and Syſtems of Matter; as in the 
Earth and Moon, and the Sun and Plane- 

tary Bodies which compoſe the ſolar Syſtem. 
Of each of theſe Species of Attraction in 


Order; and firſt, 


Or the Attraction of ce The 
Laws and Properties of this Attraction are 
the following. (I.) It is very diſcernible 
and moſt powerful in Corpuſcles, or the 
ſmalleſt Particles of Matter. (2.) It is 
mutually exerted between thoſe Particles; 
or they mutually attract, and are attracted 
by each other. (3.) The Sphere of At- 
traction, or Extent of this Power, is greater 
in ſome Particles of Matter than in others, 


but very ſmall at the utmoſt: For (4. 


This Power is inſenſible in ſolid Bodies in 


the leaſt ſenſible Diſtance, acting as it were 


Vo L. I. 4 only 


" 


Was 


* * * 
5 * 
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only on Contact; and therefore, (5.) It 
muſt be nearly proportional to the Quan- 
tity of contiguous Surfaces: or the Parts 
of Bodies cohere moſt ſtrongly, whoſe 
touching Surfaces are largeſt. (6.) This 
Power muſt decreaſe as the Squares of the 
Diſtances increaſe ; becauſe it muſt be ſup- 
poſed to iſſue from each Particle in right 
lined Directions. (7.) Where the Sphere 
of Attraction ends, there a repelling Power 
begins, by which the Particles, inſtead of 
attracting, repel and fly from each other. 
(8.) By this Power the ſmall Portions or 
Drops of a Fluid conform themſelves to a 


ſpherical Figure (IX). 


TRR 


(IX) To illuſtrate this Matter of Corpufcular Attrac⸗ 
tion and Repulſion: Let A, B, (in Fig. q, 10, 11, 12.) 
repreſent two ſmall Bodies or Corpuſcles of Matter; and 
their Spheres of Attraction, (or extent of their attract - 


ing Power every way) be C A and EFG. Then it 


is evident, 
1. That the Force with which the Bodies attract each 
other will be greateſt in the Caſe where they touch each 
other. | | 
2. If the Bodies are of a ſpherical Figure (as Fig. g.) 
they can touch but in a ſingle Point; and therefore the 
Power with which they ſtick or cohere together will be 
the ſlighteſt or mae poſſible. „„ 
4, But if the Bodies are bounded by plain Surfaces 
(as Fig, 12.) the Power of Coheſion wala be. ſo much 
e greater, as the Number of Particles, or Area of the 
2 by which they touch, is larger. 
4 If the Corpuſcles A, B, touch not, but are yet 
within the Sphere of each other's Attraction, (as Fig. 10.) 
they will then be eafily moycable or yoluble about each 
2 ö | bs + ..* "ethery / 
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Tux firſt and ſecond of theſe Properties 
are made manifeſt by various Experiments; 
as the ſudden Union of two contiguous 
Drops of Mercury, Water, Sc. The ſtrong 
Adheſion of two Leaden Balls, which touch 
by poliſh'd Surfaces (X); as alſo of Glaſs 
\ N Planes, 


bother, and yield to the leaſt Impreſſion of external Force; 
and this wilt be the Caſe of all Particles, whatever be 
their Figures or Forms. ® Of $748 
5s. If the Corpuſcles A; B, are ſeparated to ſuch a 
Diſtance as to be without each other's Sphere of At- 
traction (as in Fig. 11:) then will they fly from, or re- 
pel each other, with a Power that extends to a confider- \, 
able Diſtance, and is exerted every Way equally from 
each Particle. | | 
6. If there be a great Number of theſe Particles thus 
diſengaged from each other, but yet confined within 
certain Bounds, they will, by this repulſive Power, be 
all ſituated at equal Diſtances from each other through 
the whole- Space, if the confining Power be on every 
Side equal, e 
7. This Power, while attractive, extends to but very 
ſmall Diſtances from the Corpuſcles, and then becomes : 
repulſive, for, ſtrictly ſpeaking, there are no Bodies in 
Nature which repel abſolutely, but only at certain Di- 
ſtances; thus the Loadſtone does not at all Diſtances 
repel the Needle, but only at a definite Diſtance; for 
either Pole will attract either End of the Needle at a 
very near Diſtance, or upon Contact, as is eaſy to ex- 
periment. | 
(X) This Adhefion of leaden Balls is ſo very confi- - 
derable, that with two (not weighing above a Pound 
each, nor touching upon more than % of a ſquare Inch 
Surface) I have lifted above 200/16. weight. In order to 
this, the Surfaces by which they touch muſt be finely 
planed with the Edge of a ſharp. Pen-knife, and equally 
te together with a conſiderable Force, with a gentle 
urn of the Hand at the ſame Time; and thus two 
wot * C 2 | * Colts 
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Planes, and Cryſtal Buttons : 


The Aſcent 


of Water between Glaſs Planes, and in Ca- 


Pillary Tubes: The riſing of Water 


common 


* 


* 


/ 


by the 
Sides 


leaden Bullets will adhere fo firmly together, 


as to require upwards of 80/6. to ſeparate them. 


2. In poliſh'd Surfaces that are very hard, as Glaſs, 
Braſs, &c. it is impoſſible to bring them into ſuch cloſe 


Contact as to cohere without the Interpoſition of Water, 


or ſomething humid, to fill the Pores by expelling _ E 
Air contained therein, which prevents the Planes com- 
ing together while dry; the Humidity in this Caſe proves 


a Cement which holds the Planes t 
Force of Attraction on either Side. 


ogether by all its 


3. This Force of Attraction between the Braſs Planes 
is greater with Oil than with Water; and greater with 
any Sort of Greaſe or Fat, that will harden with Cold, 


than with Oil. 


I never yet could, mect with four Men 


ſtrong enough to ſeparate Planes thus put together, 
which are but 44 Inches Diameter; and therefore the 
cohere with a Force much ſuperior to the Force or Preſ- 
ſure of Air on ſuch a Surface, which contains about 14 
ſquare Inches, and allowing 15/6. for Preſſure to every 


Inch, it will amount to but 21076. which is not half the 
ngth of four Men pulling 
beſt Advantage. 


Stre 


to ſeparate them in vain, 
4. Profeſſor Muſchenbrock has made many Experi- 
ments to ſhew the Force of Coheſion between Planes 
of various Subſtances, and about 2 Inches Diameter, 
well poliſhed, having firſt heated them in boiling Wa- 
ter, and then beſmeared them firſt with a cold Tallow- 
Candle, and afterwards with boiling Greaſe, and the 
Weights to ſeparate them were as in the following Table: 


H. ot Greaſe, 


Tones 


Cold Greaſe. 
of Glaſs - 13016. 
of Braſs - - 150 
of Copper - 200 


of Marble 225 


of Silver 150 


of Iron 300 


1 each other to the 


4 


og 


850 
600 
250 
950 


1 have often ſeen fix Men endeavour 


5, Theſe 


, 


ö 


* 
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Sides of a Glaſs Veſſel, and into Tubes of 
Sand, Aſhes, Sugar, Sponge, and all porous 


Subſtances. 


urn 


. 
— . 


5. Theſe Planes adhere by other Sorts of Matter with. 
Forces as in the Table 3 where the Weights ne- 


F 


eſſary to ſeparate them are fpecihed : 
With Water - - - - 12 Ounces. 


With Oil - -- - 18 Ounces © 
With Yenice Turpentine - 24 Ounces. 
With Rofin -  - = 850 Pounds. 
With Tallow Candle 800 Pounds. 
With Pitch - - = 1400 Pounds. 


Though theſe Experiments would not always give the 
ſame Numbers, yet they ſufficiently ſhew the vaſt at- 
tractive Forces, and the very great Difference between 
them. 


6. After this he gives us an Account of his Experi- 


ments made to find the Force with which Bodies cohere 
naturally, or what is the abſolute Force of Coheſion in 
various Bodies, which he eſtimates by the Weights re- 


uired to pull them aſunder, drawing according to their 
* this he tried firſt in Wood, and afterwards in 


Metal. His Pieces of Wood were of a long ſquare 
Form, of which each Side was rss of an Inch, and by 
Weights ſuſpended they were drawn aſunder, according 
to the ſeveral Sorts, as mentioned below: 
Wood of Linden-Free - - 100046. 

of Alder 100 

af Fir - ©. + © =, 

of Oak - — 1150 

af Elm - - your 

of Beech = — 1250 | 

of AHF HG 70 oF” 4 


7. The Trial he made with Metals was of Weights 
| ſuſpended to Wires of each Sort, whofe Diameter was 
1 of a Rhinland Inch; or becauſe the Rhinland Foot is 


to ours as 139 to 135, the Wire was 1 Parts of an 


Inch Engliſb. The Metals and Weights were as * 


/ ; C 3 | 
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Txt third of theſe Properties is evident 
by the Experiments of Water riſing above the 
common Level, and Mercury's ſinking below 
it, in Capillary Tubes: By the ſticking or 
of Water to common Subſtances, | 


adhering 
which by Mercury are left dry. 


Of Copper 
Oft yellow Braſs - 360 
Or Gold © 506 
Of Silver — | | 
Of Iron — 450 
Of Tin = 40 
Of Lead = 294 


p 8. Theſe Exper 


of a metal Plate, and 


Hole. Theſe Weights and Diſtances from 
were in his Experiments as follow: | 
| Diftance Fights. 
Fir 9 Inches 40 Ounces. 
WW 
% 
P ine — — — — 364 
Alder * " „„ 48 


K ö 
= 

+. TF 

„ 


conſult the Author's admirable Eſſai de Phyſique ; and 
his Treatiſe of the Cohefion of Bodies, altogether. on 
the Subject, e 


iments ſhew the abſolute Force Ca- 
befion in Bodies. That which he calls the Relative Force, 
is that by which any Body reſiſts the Force of any other 
Body acting upon it in a Direction perpendicular to its 
Length; and this he eſtimated in the ſame Pieces of 
Wood as before, by putting one End into a ſquare Hole 
| ing Weights towards the 
other End ſufficient to break each Piece of Wood at the 
the” Hole 
? 


Such as would ſee much more on this Subject, may 


- 2 RA< 


Of the Auraction of Conkstox. 


TRE fourth and fifth Properties are evinced 
by the Experiments. of the different Heights 
to which Fluids aſcend between Glaſs Planes 
unequally inclined, and in Capillary Tubes of 
different Bores: Alſo, by the accelerated 
Motion of a Drop of Oil between two in- 
clined Planes: And Iikewiſe by the Hyper- 


© bolical Curve formed by the Superficies of a 


Fluid aſcending between Glaſs Planes touch- 
ing each other on one Side. 
TE fixth Property 1s evident. The 


ſeventh ſeems evident between fat and oily 


Nature: But is moſt manifeſt from the 
Elaſtic Property of 'the Air, whoſe Particles 
compreſs'd together reſtore themſelves by this 
repellant Power to their firſt State : Alſo by 
the Aſcent of Steam or Vapour from humid 
or fluid Bodies, 

Treg eighth Property of this Attraction 
is manifeſt by Drops of Water falling on 
Duſt; by Drops of Dew gathering on the 
Tops of Graſs; and. laſtly, by Quickſilver 
divided into ſmall Portions, which always 
form themſelves into periect Spherules or 
* * 


Particles of Matter, and thoſe of an _— \ / 


From 


Glaſs Capillary Tubes, &c. it will be neceſfary firſt to 
C 4 | premiſe, 


1 
- 3 


/ 

/ 
„ * 
\ 


(XIT.) 1. In order to account for the Phanomena of 


BY 


_ 


o 
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Fou this Account of the Attraction of | 


Coheſion we learn a rational Solution of ſe- | 
veral very curious and ſurprizing Phæno- 


mena 


premiſe, that there is a greater Attraction between the 
Particles of Glaſs and Water, than there is between the 
ON Particles of Water themſelves: For if it were not ſo, 
Plate I. the leaſt Quantity or Drop of Water C applied to the 
Fig. 13. under Side of a Glaſs Tube, in a Poſition parallel to 
the Horizon, as A B, would not adhere to it, but im- 
- mediately fall down by its Gravity; but we ſee that it 
does not, till its Bulk and Gravity be ſo far increaſed as 
to overcome the Attraction of the Glaſs, and then it 
falls off. | 
2. Since we find ſuch a ſtrong attractive Power in the 
Surface of Glaſs, it will be eaſy to conceive how ſenfibly 
ſuch a Power muſt act on the Surface of a Fluid (not 
viſcid) as Water, contained within the ſmall Cavity or 
Bore of a Glaſs Tube; as alſo that it will be in Pro- 
portion ſtronger as the Diameter of the Bore is ſmaller; 
2 that the Efficacy of the Power follows the inverſe 
Proportion of the Diameter is evident from hence, that 
only ſuch Particles as are in Contact with the Fluid, and 
thoſe immediately above the Surface, can affect it. 
3. Now thoſe Particles form a Periphery, or rather a 
very narrow Annulus or Ring contiguous to the Surface, 
the upper Part of which attracts and raiſes the Surface, 
and the lower Part, which is in Contact with it, fup- 
rts and holds it up; fo that neither the Thickneſs nor 
eee of the Tube avails any thing, only the ſaid Pe- 
riphery of Particles, which is always proportional to the 
Diameter of the Bormee - $341 
4. The Quantity of the Fluid raifed will therefore be 
the Surface of the Bore which it fills; that is, as the 
Winter ſince the Effect would not be otherwiſe pro- 
portional to the Cauſe. 
5. Since the Quantities follow the Ratio of the Dia- 
meters, the Helghts to which the Fluid will rife in dif- 
ferent Tubes will be inverſely as the Diameters, which 
is thus demonſtrated, 1 
þ | | t 
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mena of Nature: As why the Parts of 
Bodies adhere and ſtick ſo firmly toge- 
5 ther; 


Q, 4, repreſent the Quantities of Matter raiſed ; 
L D, 4, the Diameters of the 'Tubes Bores ; ; Te 
et H, 5, the Height to which the Fluid riſes in the Fig 15. 

n Tubes. 


F Then fince Q, 4, repreſent the Contents of two Cylin- 
ders of the Fluid (ſuppoſe GL and IM) it will be 
Q :q: : DDH : dab, from the Nature of a Cylinder; 
and * the Nature of this Attraction, it is Q: :: 
D: d (as was juſt now ſhewn;) therefore we have, As 
D*H:4h::D:4; and ſo D* Hd=d* Db, that is 
DH=4þ; conſequently, D: d:: 5: Hl. | 
.6. The Velocity with which it begins to riſe ia the 
Tube is exceeding great, but preſently abates, and ſo 
continues by increaſing the Weight of the Fluid that is 
, raiſed ; and it will continue to riſe till an Equilibrium be 
made between the Gravity and the attracting Force of 
the Glaſs. | 
7. The Preſſure of the Air neither helps nor hinders 
the riſe of the Fluids, for the Effect is the ſame n Yacus 
as in the Air. But the more viſcid the Fluid, the leſs 
apt it is to riſe in the Tube. | bs | 
9. By the ſame Power the Water riſes between Glaſs 
Planes, ſo as to form the celebrated HVPERBOLIC 
Curve, when they are ſo placed in Water as to touch 
on one Side, and be ſeparate or opened to a ſmall Diſ- 
_ tance on the other. us 1 ora ABCD the Surface 
of Water, in which are placed the two Planes /m O Plate T. 
and em O, fo as to touch all along the Side O, and Fig. 14 
yet open on the other Part, ſo as to contain a {mall Angle | 
Oe; then forming the ReQangles Od, Ocz os, 
Obkn, Oalr, &c. and meaſuring very exactly, they 
will always be found equal to each other; and this is a 
well known Property of the Hyperbolic Space between 
the Curve and its Legs Oe and Om. 
10. If two long Glaſs Plains are firſt ſmeared over 
with Oil, and then ſet together at their Ends, and in- 
clined to each other under a very ſmall Angle, and a 


f Drop 


* 
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ther; why ſome are hard, others ſoft ; ſome 
fred, others fluid; ſome elaſtic, others void 
Ge of 


Drop of the Oil fo placed between them as to touch 
both Planes, it will immediately begin to move towards 


the touching Ends, or Angles of the Planes, and that 
Motion will be continued with an accelerated Velocity, 
by reaſon of the increaſing Attraction of the Planes, on 


- account of the decreaſing Diſtance between them, and 
*the larger Portion of touching Surface on each Side the 


Drop; concerning all which a great deal has been wrote 
to very little Purpoſe. | 

'11; If Glaſs be applied to any other Fluid, whoſe 
Particles attract each other more ſtrongly than Glaſs at- 
tracts them, all the Phænomena of ſuch a Fluid in Ca- 
pillary Tubes, and between Glaſs Plains, will be juſt 


the Reverſe of thoſe now mentioned of Water. Now 


Duick-filver is ſuch a Fluid, and therefore it will ſtand 
lower within a Capillary Tube than without; the Sur- 
face convex and not concave, as in Water; and between 
the Planes it will move a contrary way, &c. 

12. But if a Baſon or Diſh be made of Copper or 
Braſs, and poliſhed well within Side, and then tinned 
all over, Mercury put into ſuch a Veſſel will every where 
unite with the Tin, and may be properly ſaid to wet it, 
as Water does Glaſs; and the Mercury, if clean, put 
into this Mercurial Baſon, will be attracted and riſe all 
round the Sides, and have the fame Phenomena with 
Water put into a wet Glaſs, Tranſparency only ex- 
cepted. | 

13. Here I think proper to mention an Experiment, 
with which I have often entertained myſelf and others, 
and that is, pouring Mercury into the above-mentioned 
Diſh or Baſon formed into a true Spherical Figure, and 


well planiſhed, it leaves the concave Surface ſo nicely 


filvered, that it makes a moſt delightful Mirrour, and 
reflects the Light ſo perfectly, as to produce the ſtrongeſt 
and moſt diſtinct Image of an Object that can poſhbly 
be effected by Art. How far the Nature and Applica- 
55 | | | . 
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of any elaſtic Quality; which all ariſe from 


the different Figure of the Particles, and 


the 


tion of Mirrours may be improved by this Method, 


muſt be left to farther and future Experience: And alſo 
whether it be not practicable by this Means to make a 


very large and moſt effectual Burning-Glaſs, at a very 
eaſy and chop Rate. 


14. A late French Author (L'Abbe Nollet) has thought 
fit to call in queſtion the Cauſe we have here aſſigned for 
the Riſe of Fluids in Capillary Tubes, and has almoft 
ſneered Dr. Furin's learned Diſſertations on that Sub- 
ject; but I ſee nothing that could oblige him to do this, 


from what he has ſaid to explode it; no Man can be 


convinced by his ipſe dixit, that this is a mere Hypo- 


theſis; the Phenomena fo plainly indicate the Cauſe to be 


Attraction, and agree in every Particular ſo nicely to the 
Theory, that 'tis not to be expected we ſhould give it 


up till we ſee better Reaſon for it than this reverend Fa- 


ther has given in his prolix Digrefſion on this Subject. 
See his Legons de Phyſique Experimentale, Tom. II. 
Page 421, &c. IE | 
I5. But though the Attraction of the Glaſs is the in- 
dubitable Cauſe of the Aſcent of Fluids, yet it muſt be 
allowed that the Nature and Genius of the Fluid is to 
be regarded in moſt of the Phenomena, which are not 
EE to the attracting Power of the Glaſs only, 
ut to that Power conjointly with the various Diſpoſition 
of Fluids to yield thereto; nor is the Denſity of the 


Fluid of primary Conſideration, it being evident by Ex- 


periment, that ſome lighter Fluids will riſe to a leſs 


Height than others which are much heavier : Thus Spi- 


rit of Wine will riſe but 44 Tenths 6f an Inch in a 
Tube, where Oil of Tartar will riſe 9, as in the Table 
below. Nor does it \at all depend on the Viſcidity or 


_ Tenacity of Parts; for hard white Varniſh (very thick 


and viſcid) and Spirit of Wine aſcend nearly to the 
ſame Height. I am inclined to think from the Expe- 
riments which 1 have made, that the Aſcent of Fluids 

| 8 | depend 
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depend greatly upon the 1 they contain, and that 

ut on ſome peculiar Action 
or Diſpoſition thereof, relative to the attractin 

Gl aſs. So from the Table it appears, t 

rituous Liquors riſe to a ſmall Height in general ; but 
Water, which has none, to the greateſt ; yet Spirit of 
Hart's-horn and Spirit of Urine rife higher than Ale 
and Small-beer, which contain but a ſmall Proportion 
of Spirit. 
106. But to ſet this Matter in a clear Light I have 
very carefully made the Experiment on the following 
Fluids, which were each of them often repeated, and 
with the ſame Succeſs; the Bore of the Tube was about 
1 of an Inch in Diameter, 


not on the Quantity of it, 


of the 


the greater or lefſer Degree of Attraction 
conſequent thereupon. Hence the Reaſon 
| why 


Power 
that Spi- 


Altitude. 8. 
S Spring Water - 12 Tenths of an Inch, 
Sari of Urine = 11 
incture of Galls + II 

Recent Urine - 2 18 

Spirit of Salt - 2 

Ol. Tar. per Dae — 9 

Vinegar = « 

Small Beer — 


Strong 2 +4 rit of Nitre — 


Spirit of Hart 9 _— 
Cream Oo 
Skimmed Milk — 
Agua fortis = — 
Red Wine = 1 
White Wine 8 
Ale 
Ol. Sulph. per Campanam - 
Oil of Vitriol - — 
Sweet 1 — 
Oil of Turpentine 
Geneva - 
a Rum — — — 


Un or On oy II >ax 
fd RE Coane Hol 


Brandy 


wl 
tet 
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why Flies walk on the Surface of the Wa- 
ter, and wet not their Feet. On this 


Principle 
| Altitude. 
Brandy - 5 Tenths of an Inch. 
White hard Varniſh © - 5 | 
Spirit of Wine — 
Tincture of Mars - 4 


17. From other Experiments it appears that Heat and 
Cold are not concerned in the Aſcent of Fluids, the 
hotteſt Water ſtanding at the fame Height as the Cold. 
Alſo Salts of any Kind diffolyed in Water makes but 
little Alteration in the Heights, for when Water has 
taken up all it can in the Solution, it will rife 10 or 


105, which ſmall Deficiency is owing undoubtedly to 


the increaſed Gravity of the Fluid. 


18. There is one Phænomena of Capillary Tubes 
very extraordinary, which is this; if a large bored Tube 
NP be at one End P drawn out into a fine Capillary as 


at O, ſuch a Tube filled with Water, and then inverted 


into a Veſſel of Water, as ABCD, will retain all 
the Water ſuſpended through its whole Length, if it 
does not exceed the Height to which a Capillary of the 
ſame Bore, as at O, will attract it. To ſee the Reaſon 
of this, we muſt conſider the Motion of a ſmall Quan- 
tity of Water CD in a tapering Capillary AB in an 
horizontal Poſition, And here we muſt aſſign two 
Principles of Motion in the Fluid CD; one is the at- 


29 


tracting Pewer of the Glaſs at C and D, the other is the 


Velocity of the moving Fluid in theſe Places. For the 


Momentum of any Body, whether Solid or Fluid, is al- 


ways proportioned to the Intenſity of the moving Power, 
and the Velocity of Motion. (As is ſhewn fully here- 
after.) But the moving Power or Attraction at C is to 
that at D as the Diameter of the Bore at C to the Dia- 
meter thereof at D: Or, putting a, A, for the two At- 
tractions in D and C, and 4, D, for the Diameters, we 
have : A:: d: D. | 
2 Again, the Velocities (V and v) of the Water 
in thoſe Points are as the Squares of the Diameters in- 
L verſely 


* 


* 0 
: 3 


plate L 
Fig. I 7. 


deſcend, ti 


Plate I. 
Fig. 18. 


# 


5 


thus we find the Particles in a Drop of Water hang to- 
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Principle we account for the Manner how 
Plants imbibe the nutritive Juice or Moiſ- 
ture 


1 A Lf > 


verſely (as will be ſhewn hereafter ;) that is, V: :: 
DD: ad. Therefore V xa :vxA:: D*4:d4*D:: 
D: d. That is, the whole Motion of the Water at D is 
to that at C as the Diameter at C to that at D; conſe- 
quently the Water will move towards the End of the 
n... | | 

20. Becauſe when the Water moves in the Tube, 
the Velocity at D. is greater than that at C, and there- 
fore the Spaces deſcribed in equal Time by the Extre- 
mities of the Fluid unequal, it follows that the Water 
will move from D towards B with an accelerated Velo- 
city, the Difference between the Diameters 4 and D 
continually increaſing. This likewiſe ſhews the Reaſon 
of the accelerated Motion of the Drop of Oil between 
the two inclined Glaſs Planes, as mentioned Art. 10. 

1. The Motion of the Water once begun at D, will 
continue till it has with great Rapidity reached the End 
B; and if then the End B be raiſed above the horizontal 
Line AF, yet will the Water be drained at B, and not 
| f the perpendicular Altitude BF 1s equal to 
the Height to which the Water would riſe in a Capillary 
of the ſame Bore as at B, _ 

- 22. Hence alſo if the Tube be held in an upright or 
perpendicular Poſition, as AB, the Water will not de- 
ſcend, unleſs its Weight be ſuch as when added to the 
Power acting at C towards A, the Sum ſhall be greater 
than the Power acting upwards at B; which Power ariſes 
from the Attraction of the Tubes, the Velocity of the 
Fluid, and the Cohefion of its Particles; for unleſs 
we conſider this Coheſion of the Particles, the Weight 
of the Water, when the Veſſel is large, will be too 
great to ſuffer a Suſpenſion of the Fluid by the other 
Forces in the Capillary Part. - 

23. Nor is this Coheſion of the Parts a Petitio Prin- 
cipii, but what we know by Experiment to be the Cauſe 
of ſuch a Phenomenon when nothing elſe can be ſo; 


ee -gether 
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* ture or the Earth by the Fibres of the 
— Roots: Alſo for the Riſe of the Sap in Ve- 
e getables, and for the whole Oeconomy of 

Vegetation in general. Hence the Natio- 
; nale of the various Secretions of Fluids by 
i: the Glands of an Animal Body, and their 
5 wonderful Circulation through the fine Ca- 

pillary Veſſels. Hence alſo the Reaſon of 
e, Soldering and Gilding of Metals; alſa of 
4 Melting or Fuſion of Heat. Hence alſo 
er the Exhalation of Vapours by the Heat of 
- the Sun or Fire; the Aggregation of Aque- 


nous Particles in the Air, forming the Drops 

en of Rain. We hence ſee the Reaſon of 

1d | COTE 

al gether by Coheſion, till the Gravity of the Whole draws 

ot it from the Part to which it coheres. Without this Co- 

to heſion there could be formed no Drop at all. 

ry 24. Hence likewiſe it is, that a Column of Mercury 
well purged of Air, will be ſuſpended by Cohefion to 

or the Height of 70 or 75 Inches, when the Air alone will 

e- ſuſtain it to no greater Altitude than that of 31 Inches 

he at moſt. Dr. Jurin ſuppoſes the Preſſure of an elaſtic 

er ſubtle Medium (which can penetrate the Pores of Glaſs 

es and Water) to have ſome Part in producing this very 

he odd Phænomenon. But if all we can learn from Ex- 

ls perience be thought inſufficient, I ſhall leave the Reader 

ht to amuſe himſelf with what Conje&ure he ſhall thin 

00 fit; aſſuring him in the laſt Place, that this wonderful 

ier Suſpenſion of the Fluid in ever ſo large a Glaſs, as AC, 
whoſe Top terminates in the Capillary B, is not owin 

1s to the Preſſure of the Air, becauſe the ſame Thing will 

iſe happen in an exhauſted Receiver on the Air-Pump. See ng 

18 . 


Dy; Appendix, Numb. II. to Cote's Ledturet. 
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Of the Attrafion of Conmsron, 
Diftillation, Filtration, Diſſolution, Digeſiton, 


© * 


Sublimation, Precipitation, Cryſtallization, and 


all the other Operations of Chemiſtry and 
Pharmacy, which are no otherwiſe to be ac- 
counted for. Laſtly, we find Sir Jſaac News- 
ton (at the End of his Optics gives a. beau- 


tiful and clear Solution to thoſe wondrous 
Phænomena of ſubterranean Accenſions and 


Exploſions; of Volcanos and Earthquakes; of 
Hot Springs, Diamps, and ſuffocating Exha- 
lations in Mines, Sc. on the Principles of 


this Sort of — and Repulſion (XIII.) 


(XIII.) 1. The Rationale of the ſeveral important 
Particulars here mentioned will eafily appear from the 

receding Principles or „ e of Matter. Fhus 
1 of Bodies ariſe from ſuch Figures of the 
Particles of Matter as permit them to touch by large 
Surfaces, and thus to have a great Power of Attraction; 
and at the ſame Time, ſo to fit and fall in with each 
other, that they prevent any Motion enſuing among 


themſelves by any external Preſſure; whereas in another 


Sort of Figure, the Particles may be admitted to touch 


by pretty large Surfaces, yet ſuch as not confining each 


other, will permit the Motion impreſs'd on the external 
Parts to proceed among the interior Particles, which 
will thus eaſily move among themſelves, and make what 


we call Softneſs in Bodies. 


2. FixITY is much the ſame as Hardneſs, and owing 
to the ſame Cauſe, and is oppoſed to FLuiDiTyY, which 
may in ſame Senſe be eſteemed the greateſt Degree of 
Sofineſs, becauſe a fluid Body yields to the leaſt Preſſure, 
and therefore the attractive Power, by which the Par- 
ticles of a Fluid cohere, muſt be the leaſt poſſible ; but 
this reſults from ſuch a Figure as admits of the feweft 
Points of Contact poſfible, that is, a Spherical ah 

b n 
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And hence tis evident that Bodies are more or leſs fluid 
as their Parts approach more or leſs to a globular Figure. 
All which follows from Annotar. III. 2. 

. ELAsT1C1TY in Solids ariſes from the fame Prin- 
ciple of corpuſcular Attraction; thus if a Steel Spring, 
or Wire, or Piece of very thin Glaſs, be bent out of 
Jits natural Poſition, the Particles on the convex Part are 

forced from that intimate Contact they before had; and 
on the concave Part they are forced nearer together, or 
harder upon each other, than in the natural State; in 
both Caſes there will be a confiderable Reſiſtance to be 
overcome, and require a ſuperior Force. During this 
State of the Particles they may be ſaid to be under a Sort 
of Tenfion on one Side, and Compreffion on the other ; 
and ſince by this Force they are not drawn out of each 
other's Attraction, as ſoon as the Force is remitted or 
ceaſes to act, the attractive Power reduces the Particles, 
and unbends the Wire by reſtoring it to its natura State 
and Site, Now 'tis well known that many Subſtances 


are compoſed of ſuch fibrous Parts or Filaments, which 
reſemble fine Wire, and are interwoven and diſpoſed in 


ſuch a Manner (as in Sponge, for Inſtance) that they can- 
not be compreſſed without being bent or wrefted from 


ſuch a Caſe exert a Force or Spring, and thus prove 
elaſtic. This Theory may be applied to Bodies of a 
cloſer Texture, as Cort, Mood, Ivory, Glaſs, &c. And 
ſuch Matter as wants this Texture and . Diſpoſition of 
Parts, will not exert fuch a Spring or Force, but take 
the Figure ariſing from the impreſſed Force, and thus 
prove what we call Non-Elaſtic Bodies. ** 

4. SOLDERING is another notable Effect I this co- 
heſive Power; for when the Surfaces of two Pieces of 
Metal are made clean, or freed from all intervening 
Matter beſides the Solder, the Solder being then fluxed, 
its Particles will freely enter the Pores, or come into 
ontact with thoſe of the poliſhed Surfaces of Metal, 
and * Means adhere firmly to each, and there= 
Ore 


olds the Surfaces exceeding faſt togetlier, in the Na- 
ure of a GLUE or CEMENT, which: are all of the ſame 


Vor. I. K 1 kind, 


their natural Pofition, whence all fuch Bodies will in 


n the melted Solder becomes cold and fixed, it 
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kind, but differ in the Degree of the coheſive or at- 
tractive Power of the Parts. a 
5. MELTING or Fus fox of fixed Bodies depends up- 
on the ſame Theory; for when the Particles of a fixed 
Body are ſeparated by the Action of Heat ſo far as not 
to touch, or hut very ſlightly, yet not ſo far as to be out 
of each other's Attraction, they then will eaſily move 
by each other, and put on all the Appearances of a fluid 
Body, (as plainly follows, from Annotat X. 4.) 
6. EVAPORATION proceeds likewiſe from hence, 
that when the Particles are ſo far ſeparated by Heat as 
to be without each other's Attraction, they then begin 
to repel each other, and thus will ſeem to riſe from 
the Surface of the Fluid in Form of a Vapour, or Body 
of Particles, which are at equal Diſtances from- each 
other; and becoming thus ſpecifically lighter than the 
| a ſame Bulk of airy Particles, they will riſe in the fluid 
| Body of Air till they come to that Part of it which has 
| the Hook Gravity, and they will there make what we call 
CLovps, which will move this Way or that, accord- 
| ing to the Current of Air in thoſe Regions. See 
* | Annot. X. 5. 6. 
9 7. The Varovurs thus raiſed become the Original 
| Matter of all METEoRs, one Degree of Cold condenſ- 
ing them into larger Globules, which fall in Drops of 
Rain; a greater Degree producing a Fixedneſs or Co- 
agulation of the Particles, which ſhoot like Salts into 
various curious Forms, and make the Flats of SNOW; 
a third. and ſtill greater Degree of Cold congeals the 
Vapours into a harder Subſtance, greatly variegated in 
Form and Conſiſtence, and thus produces HAIL. If 
N the Cold@ondenſes the Vapour ſo that it can't riſe high 
| above the Surface of the Earth, it will there hover about, 
1 and fill the lower Air with an obſcuring Foc or Misr: 


nec. — ——— ͤ —ͤ——:Ni ——— —— he _ : 0 


| Or, if the cold be more intenſe, it freezes the Miſt to 
every T wig and Blade of Graſs in Form of a white In- 
* cruſtation, which we call a RiME. If the Air be warm, 

| ſo that the Vapour therein be two fine to be viſible in 
| the Day-time, it will yet be condenſed by the Coolneſs 
| of the Evening ſo far as to deſcend, and ſettle upon the 
Fops of Graſs in the Form of Dxw: But, laſtly, if 

"I l the Evenings of ſuch a fine Day be cold enough to 
| £4 freeze, - 
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freeze, then inſtead of a Dew there will appear a WRITE * 
FrosT all over the Surface of the Groun e. — 
8. The CAPILLARY SYPHON is a moſt curious 
Phænomenon, ariſing from the ſame Principle; for the 
Water being raiſed to the Flexure or bending Part, by 
the attracting Force of the ſhorter Leg immerſed into 
it, the ſame Force continuing to act carries it even into 
the longer Leg, and there conſpiring with the Force of 
Gravity, the, Water precipitately deſcends and drives 
the Air before it, and thus would keep running or drop - 
ping out till the Water were exhauſted to the Orifice 
of tha immerſed Leg, if the Operation were to be con- 
tinued long enough. a ee ana ns 
 » 9. The FILTER is to be conſidered as nothing more 
than a Compound Capillary Syphon; for the Threads or 
Filaments of which it confiſts, lying very near together, 
make long and flender Vacuities or Interſtices, 'which 
repreſent ſo many Capillary Syphons, which attract, 
raiſe,” and decant off the Fluid in a conſiderable Quan 
tity, proportional to their Number or the Largeneſs of 
their Filter. WT. oh aden gar 
10. After the ſame Manner it is, undoubtedly, that 
the Humidity of the Earth is drawn into the'Subſtance 
of the Roots of Plants and Vegetables, which'we know 
conſiſts of long and very minute Fibres fo diſpoſed as to 
form an infinite Number of tubular Interſtices, which 
act in the Nature of a Filter, and imbibe the Juices 
and Moiſture deſtined for the Nutriment and Growth of 


0 the Plant. Hat 102 | | 
oy 11. Thus alſo it is reaſonable to ſuppoſe the fine Ex- 
'q panſion or Ramification of the La#eal, the Lymphatic, | 


and Sangutferous Veſſels thro' all the Subſtance of the 
Glands and Viſtera in the fineſt Capillary Tubes, does 
| 8 uſſiſt, if not wholly promote, the Circulation of 


' the Blood and Juices, in order to the vartons-Secretions 


1 of each reſpective Gland; an Effect too great for the 
1, Pulſive Force of the Heart, or larger Veſſels, when thus 
n ſo infinitely and minutely divided, were it not to be 
ls joined by the ſtrong Attradion of thoſe Capillary Parts. 

ie 12. By this Means it is that Tallow and OiLrife into 
if the Wicks of Candles and Lamps: That Sponge ſo 


readily ſucks up and retains ſo great a 9 of a 
oF: D 2 | luid: 


o 
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ſome other Solid or Fluid Body be added, who 
'ticles are attracted 2 the Fluid with a greater Force 
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Fluid: The Tubes · of Aſhes or Sand will thus raife 
Water to the Height of ſeveral Feet. *Tis by this Vir- 
tue that the Pen retains Ink, and the Paper draws it 


forth in Writing; or refuſes to admit it, if oiled, by 


the Repellency of the Particles of Oil. 

13. By this Power fixed Bodies are diſſolved by proper 
Mediums; as Sugar and all Kinds of Salts by Water; 
Silver, Copper, Tin, &c. by Aqua Fortis; Gold by 


| Aqua Regia; and other Bodies in other Menſtruums. 


The Reaſon is, that when the Particles of the Solid and 
Fluid attract one another more ſtrongly, than either 
thoſe of the Solid or thoſe of the Fluid attract each other 
ſeparately, then a Separation of the Parts or Diſſolution 
muſt enſue. For ſince, for Inſtance, if a Particle of 
the Fluid be attracted with a greater Force than a con- 
tiguous Particle of the Solid, that fluid Particle will 
ruſh upon the other with ſo great an Impetus, as in- 
ſtantly to diſplace it, and ſeparate it from the Solid Par- 
ticle to which it before adhered with a weaker Force; 


and thus we are to conceive of every other Particle, till 


the Whole be diſſolved, which will then end when each 
Fluid Particle has filled its Sphere of Attraction with 
thoſe of the Solid; and the Fluid is then ſaid to be ſa- 


turated, and will diſſolve no more. 


14. PRECIPITATION likewiſe is a Conſequence from 
the ſame Principle; for if to the Solution of wo Solid 
0 


Par- 


than thoſe of the diſſolved Solid, then will the former 


take Place of the latter, which, being diſengaged, will 
fall to the Bottom, and ſettle in form of à very fine 
Powder; thus is Silver precipitated r which 


the Aqua Fortis attracts more powerfully than Silver. 


Thus a Solution of Copper is again precipitated by 


Iron, and other Solutions have their reſpective Preci- 
pitants. 


15. FERMENTATION is alſo an Effect of the fame 


Cauſe, inaſmuch. as it confiſts in the internal Agitation 


and Commotion of the Parts of the fermenting Body, 


ariſing from their mutual Action and Attraction ſo often 
mentioned. By this Means Bodies are either wholly diſ- 


ſolved, as has been ſaid; or have their Parts ſo far al- 
x ;# tered 


/ 
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tered and compounded with other Matter, that they ſeem 
to change their Natures, and acquire quite new Pro- 
perties and Princy les. Thus Malt by Fermentation 
yields a Spirit by Diſtillation, tho' not like it before; 
not to mention Putrefaction, and the many notable 
. Phenomena thence ariſing. See Shaw's Lectures on Che- 


miſiry. 4 | 
16. The HEAT, EBULLITION, and ExpLos10N of 


ſundry Mixtures are owing to the violent Action and 
great Rapidity of Motion among the conſtituent Par- 
ticles; for all Heat and Accenfion proceeds from an At- 
trition or Rubbing of the Particles of Matter one among 
another. Thus Aqua Fortis and the Particles of Cooper 
act ſo violently on each other as to cauſe a greater Effer- 
veſcence and Heat; and Steel Filings produce a Blaſt 
or Explofion inſtantly. Again. Oil of Carraway-Seed, 
poured on compound Spirit of Nitre, kindles to Flame 
with ſuch prodigious Force, that in Vacuo is has blown 
up and burſt an exhauſted Receiver ſix Inches wide, and 
eight Inches deep. 

17. In accounting for THUNDER and LIioHT NIN 
we have recourſe to the ſame Principles, that is, a Fer- 
mentation between the ſulphureous Steams exhaled from 
the Earth, and the Nitrous Acids or Salts in the Air, 
which take Fire, and cauſe Exploſions in the ſame 
Manner as in the Experiments juſt mentioned. And in 
ſome ſuch Manner all other ficry Meteors are produced. 

18. Alſo that Burning Mountains, Mineral Coruſ- 
cations, and Suffocating Damps, Earthquakes, Hot 
Springs, c. are produced by the inteſtine Commotion 
| ariſing from the Mixture of divers Nitro- acid and Sul- 


w = Matters in the Bowels of the Earth, is evident 


om a common and eaſy Experiment, which is by taking 
equal Parts of Sulphur and Steel- Filings, and working 
them together, with a little Water, to the Confiſtence 
of a Paſte; then putting it under Grognd, it will pre- 
ſently begin to heat, and in a few Hours take Flame and 
blow up the Earth about it with a confiderable Shock, fo 


as to repreſent an Earthquake, and a Sort of Valcang 


in Miniature. 


19. That Metals diffolved in Fluids diffuſe em- 


ſelves equally through all the Subſtance, and keep an 
We D 3 equal 
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equal Diſtance among themſelves, ſeems owing to a repul- 
fre Virtue, Alſo the Ræflection and Inflection of the Rays 
of Light from Bodies before they come to touch them, 
as alſo the Emiſſion of Light in luminous Bodies, ſeem 
effected by ſuch a repulſive Power; which (as has been 
faid) commenced where the Sphere of Attraction ends. 

20. The Spherical Figure, which the Drops of a Fluid 


affect being left to themſelves, is another Conſequence 


of Corpuſcular Attraction; for conſidering one ſingle 
Particle of the Fluid, its attract ive Force being every 
Way equally exerted to an equal Diſtance, it muſt fol- 
low that other Fluid Particles are on every Side drawn 
to it, and will therefore take their Places at an equal 
Diſtance from it, and conſequently form a ſpherical 


or perfectly round Superficies ; in like Manner as the 


Earth and Sea affect a ſpherical Figure from the central 
Attraction being every Way equally directe. 
i The ſurpriſing Phenomena of Glaſs Drops (ſome- 
times called Prince Ruprrt's Drops) are moſt probabl 
ſuppoſed to ariſe from hence, viz. That while 3 Glaſs 
is in Fuſion ot melted State, the Particles are in a State 
of Repulſion; but being dropped into cold Water, it ſo 
condenſes the Particles in. the external Parts or Super - 
cies, that they arg thereby reduced within each other's 
ien -and by that Means form a Sort of hard 
Caſe which. keeps confined the aforeſaid Particles in a 
repulſtve State; but when this Caſe is broke by break- 
ing off the Tail of the Drop, the ſaid confined Particles 
Baye theh, Liberty, to exert their Force, which they do 
by. burſting the Body of the Drop, and reducing it 
to a very pecyliar Form of Powder. This Theory 
ſeems to be corroborated by making the Prop read hot, 
and {ting it cgol. gently in the open Air, for then it 
7 no. ſuch Effect. Let another Experiment ſeems to 
wpvgn Aus Hypotheſis ; and that is, by grinding away 
any Fart of Drop on. a Grid+ſtong, the remaining 


* 


= 


Fart continues tire; and yet there appears no manife 
Reaſon why it ſhovld, not break or burſt into Duſt, if 
the internal Particles. be the Cauſe: of it, ſince by this 
Means they muſt needs be ſet at Liberty in the moſt 
ample Manner poſſible: Unleſs it be, that in Grinding; 
le Vacuities between the internal Particles are $11'd 
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Of the Attrattion of El KOTRICITY? 


Tux Second Species , Attraffion is that 
of ELECTRICAL BoDIEs, as Glaſs, Amber, 
S aling Wax, Jet. &c. the principal Proper- 
ties of which are as follow. (I.) Thoſe 
Bodies attract others which are very light, as 


Feathers, Hairs, Leaf-Braſs, &c. (2.) The 


Sphere or Extent. of this attracting Power 
is at the Diſtance of ſeveral Feet; but, 


D 4 (3-) It 


with the Matter of the Stone forced in by the hard At- 
trition, and by this Means, fixing the Particles of the 
Glaſs next the Stone, and thus deſtroying their repulſive 
Force, conſtituting, as it were, another Sort of hard 
external Caſe, which confines the Particles no leſs than 
the o her. And this ſeems to be confirmed by that Part 


which touch'd the Stone remaining entire, when all the 


Reſt of the Stone is reduced to Duſt by breaking off the 
Tail or ſmall Part, as any one will find to be the Caſe 
on Trial, I; 4547 1 
| SCHOLIUM,. - is TY 
By this wonderful and moſt extenſive Power of Cor- 
puſcular Attradtion and Repulſion, we account for moſt 
or all the Phenomena of Nature, ariſing from the hete- 
rogeneous Mixture and various Aſſociations of Particl 
of different Bodies; but why, in ſome Caſes, thoſe Par. 
ticles thould readily attract, and in others as ſtrangely 
repel each other, there has as yet been no demonſtrative 
Reaſon aſſign'd. The Hypotheſis of a Polarity, or Was. 
netic Power, in every Particle of Matter, by which the 
are diſpoſed on one Part to attract, and on the other to 
repel, in Manner of the Load-ſtone, is as ſpecious as it 
15 % 


is ingenious; but ſince the Newtonian Miloſophy, in fun- 


damental Principles eſpecially, is founded entirely on the 


Baſis of experimental Proof, or Demonſtration from 
Geometry, we ought. to be careful how we introduce 
any ConjeQure for Fruth, unleſs all Cireumſtances con- 
clude and urge the ſame, which I believe is not the 
Caſe of that aboyve- mentioned | 
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(6) It varies with the State of the Wea- 


ther, being greateſt in hot and dry Wea- 
ther, but weaker in warm and moiſt. 
(4) It may be communicated to a great 
Diſtance, viz. ſeven or eight hundred Yards, .- 
by the Intervention of a proper Body, as 
Hempen Strings, &c. (5.) This Virtue is 
excited by Attrition, or hard Rubbing,' by 
the Hand or with a Piece of Cloth, but 


.will not be produced by the Warmth of 
Fire, (6) It penetrates or pervades the 


Pores of Glaſs; aud, (7.) It, may be com- 
municated to other Bodies, ſo as to render 
them electrical. (8.) If the Sphere of At- 
traction be interrupted on any Part, it de- 
ſtroys the Efficacy of the Whole. (.) By 
this Virtue Bodies are not only attracted, 
but alſo repelled alternately to a very 
ſenfible Diſtance, and with a ſurpriſing 


Velocity. (10.) The Body once repell'd 
from the Tube will not be again attracted 
by it, till it has firſt touch'd ſome other 


Body. 11, Bodies attracted, and ſtick- 
ing to the Tube, will be then attracted 
by other Bodies not electrical; as the Fin- 
ger, Cc. (1g.) This Virtue will exert it- 
ſelf in Vacua, as well as in open Air, (13. 
It appears Jucid, and ſparkles like Fire, in 
A + dark e 14. It is allo ſenſible to 
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— the Ear by a crackling Noiſe, like a green 
” Leaf in the Fire (XIV). 
Taz 


(XIV) 1. To the Properties of Electrical Bodies, 
here enumerated, we ſhall add the following. —This 
Quality is of two Sorts, wiz. (I.) Vitreous Electricity, 
or that which belongs to Glaſs; and (2.) Ręſinous Elec- 
tricity, or that which belongs to Amber, Rein, Max, 
Gums, and ſuch like Subſtances. They are different 
Kinds, becauſe their Effe&s are contrary ; for the light 
Bodies repell'd by one will be attracted by the other, 
tho' excited, which cannot happen when both Bodies 
have the ſame attractive Power. 

2. All Vegetable Subſtances differ from Animal ones 
in this Reſpect alſo; for an Hempen or Flaxen Thread 
or String will receive the Electricity of Glaſs, and carry 
it inſtantaneouſly to an incredible Diſtance, to ſome 
non- electric Body, but will not impart it to a Silk or 
Hair Line by which it is ſuſpended. This is the Reaſon 
why ſeveral Men ſtanding on Cakes of Rofin or Wax 
(which will not receive the Vitreous Elefricity) convey 
that Virtue from one to the other in a moſt ſurprifing 
Manner. Thus alſo it is that a Feather ſuſpended by a 
Flaxen Thread will be alternately attracted and repell'd, 
but if hung by a Silken String will not be again attracted 
after it is once repell'd; and vice verſa, with reſpe& to 
Amber or Sealing-Wax. 

3. Hitherto we have not diſcover'd the Uſes of this 
wondrous Quality ; but Mr. Gray, juſt before he died, 
hit upon an Experiment of this Kind, which ſeem'd to 
indicate that the Attractive Power, which regulates the 
Motions of the Heavenly Bodies, is of the Electric 
Kinda The Experiment was thus; he fixed a large 
round Tron Ball upon the Middle of a large Cake of Ro- 
fin and Wax, and exciting the Virtue ſtrongly in the 
Cake, a fine Feather ſuſpended by a Thread, and held 
near the Iron Ball, was carried round it by the Effluvia 
in a circular Manner, and perform'd ſeveral Revolutions; 
it moved the ſame Way with the Planets, from Weſt 
to Eaſt, and its Motion (like theirs) was not quite 1 

9 to RED: - cular 


Of the Attraction of MAGNETISM. 


Tu Third Species of Attraction is that 


of the MAGNET or LoapDsTONE ; the pri- 


mary Properties whereof are the following. 


( 1.) Every Loadſtone has two Points call'd 


Poles, which emit the Magnetic Virtue; 
(2.) One of thoſe Poles attracts, the other 


repels Iron, but no other Body. (3.) This 
Virtue, is communicated to Iron very copi- 
ouſly by the Touch, which renders it ſtrong- 
ly Maguetic. (4.) A Piece of Iron fo 
touched by the Loadſtone, and nicely ſuſ- 


— 


"pended on a ſharp Point, will be rk 


mined to ſettle itſelf in a Direction nearly 
North aud Soutb. (5.) The End of the 
Needle touch'd by the South Pole of the 
Stone will point Northwards; and the con- 


trary. (5.) Needles touch'd by the Stone 


will dip below the Horizon, or be directed 


on the touch'd Part to a Point within the 
Earth's 


eular but a little elliptical.” See the whole Aan in 
Philoſ. Tranſ. N“. 444. 

Many other Experiments of this Kind have been tried 
ſince; but when they are rightly conſidered they will be 
found of no Service in accounting for the Motions of 
the Heavenly Bodies, which depend on much. in T. ra- 
tional and certain Principles, as we ſhall ſhew in & pro- 
per Place. 

Since the firſt Edition of this Work hikes have been 
a great Number of new Diſcoveries and Improvements 
in ELECTRICITY and MAGNETISM, which we muſt 


by no Means ſuffer to be wanting in a Complete Syſtem 


of Philoſophy, and therefore ſhall add an Appendix to 
this Lecture, giving an Account of the ſame. 


Of the Attraion of MaNETISUM. 


Earth's Surface. This is call'd the Dipping 
Needle. (7.) This Virtue is alſo to be com- 
municated to Iron, by a ſtrong Attrition all 
one Way ; whence Files, Drills, &c. are al- 
ways found to be Magnetical. (8.) Iron 
Rods or Bars acquire, a Magnetic Virtue by 
ſtanding long in one Poſition. (9.) Fire to- 
tally deſtroys this Virtue by making the Stone 


or Iron red hot. (10.) This Power is ex- 
erted ſenſibly to the Diſtance of ſeveral Feet. 


(11. It is ſenſibly continued through the 
Subſtance of ſeveral contiguous Bodies or 


Pieces of Iron, as Keys, &c. (12.) It per- 


vades the Pores of the hardeſt Bodies; and 
(13.) Equally attracts the Iron zz Vacuo, as 
in open Air (XV). T | 

eo | THESE, 


(XV) 1. To the above Properties of the Loadſtone 


I ſhall add the following, ' viz. That the ſame Pole of the 
Stone will communicate to a Piece of Iron the Power of at- 
tracting or repelling the ſame End of a touch'd Needle, by 
drawing it different Ways thereon. Or thus, If a Piece 
of Iron be drawn to the Right Hand and attracts, it 
will. repel if drawn to the' Left, which is not a little 
wonderful. 8 
2. I have oftentimes, by a ſmart Stroke of a Ham- 
mer on the untouch'd End of the Dipping-Needle, 
cauſed the Magnetic Virtue to come all to that End 
from the other, ſo as to make it dip on that Side as 
much as it did on the other Side before: And on the 
contrary, I have by ſuch a Stroke ſometimes made it 
dip much more on the touch'd End than before, Again, 
ſometimes by ſtriking it, the Needle, which — p'd 
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Of the Attraction of Max RTIS. 


- THEsE, and many others are the Proper- 
ties of a Body, not more wonderful than 
uſeful to Mankind. 


before, will be reſtored to its Equilibrium, as if the 
Virtue had made its Eſcape, or were uniformly diffuſed 
over all the Needle. So capricious are the Phænomena 
of this amazing Power. 

3. There is a very curious Method of rendering viſi- 
ble the Direction which the Magnetic Effluvia take 
in going out of the Stone: Thus, let AB, CD, be the 


. Poles of the Stone; about every Side gently ſtrew ſome 


Steel-Filings on a Sheet of white Paper; theſe ſmall 
Particles will be affected by the Effluvia of the Stone, 
and fo poſited as to ſhew the Courſe and Direction of 
the Magnetic Particles on every Part. Thus in the 
Middle of each Pole between AB, and DC, it appears to 
go nearly ſtrait on; towards the Sides it — in 
Lines more and more curved, till at laſt the Curve-Lines 
from both Poles exactly meeting and coinciding, form 
numberleſs Curves on each Side, nearly of a circular 
Figure, as repreſented in the Diagram. This ſeems to 
ſhew that the Magnetic Virtue emitted from one Pole 
circulates to and enters the other. | | 

4. The Cauſe of the Variation of the Needle has 
remained hitherto without any demonſtrative Diſcovery; 

et fince its Declination, and Inclination, (or Dipping) 
do both of them manifeſtly indicate the Cauſe to be 
ſomewhere in the Earth, it has given Occaſion to Phi- 
loſophers to frame Hypotheſes for a Solution, which 
made the Earth a large and general Magnet or Load- 
ſtone, of which all the lefler ones are but fo many Parts 
or Fragments, and, being poſſeſs'd of the ſame Virtue, 
will, when left to move freely, have the ſame Diſpo- 
fition, and Similarity of Poſition, and other Circum- 
Kances. | | 6354 

5. The moſt conſiderable of theſe Hypotheſes is that 
of the late ſagacious Dr. Halley, which is this; The 
Globe of the Earth is one great Magnet, having four Mag- 
wetical Poles or Points of Attraction, near each Pole of the | 
E guater two; aud that in thoſe Parts of the War Id which 


Of the Attraction of MadNETISM. 


; lie near adjacent to any one of thoſe Magnetical Poles, the 
5 Needle is chiefly governed thereby, the neareſt Pole being al- 

ways predominant over the more remote one. Of the North 

Poles, that which is neareſt to us, he ſuppoſes to be in 
the Meridian of the Land's End, and about ſeven De- 
grees from the North Pole of the World, which go- 
verns the Variations in Europe, Tartary, and the North 
Sea; the other he | may in a Meridian paſling thro” 


California, about fifteen Degrees from the North Pole 


America, and the Oceans on either Side. In like Man- 
ner he accounts for the Variations in the Southern He- 
miſphere. See Philof, Tranſ. N* 148. | 

6. The Variation of the Needle from the North and 
South Points of the Horizon not being the ſame, but 
variable in different Years and in a diverſe Manner in 
different Parts of the Earth, made the Docter farther 


and two moveable ; and in order to make this out, he 
ſuppoſes the external Part of the Earth to be a Shell or 
Cortex, containing within it a Magnetic moveable Nu- 
cleus, of a globular Form, whoſe Centre of Gravity is 
the ſame with that of the Earth, and moveable about the 
ſame Axis. 15 
7. Now if the Motions of both the Shell and the 
Nucleus were the ſame, the Pole of each would alwa 
has have the ſame Poſition to each other; but he ſuppoſes 
IY; the Motion of the Nucleus to be à very ſmall Matter leſs 
than that of the Shell, which yet is ſcarce ſenſible in 
30s Revolutions ; and if ſo, the Magnetic Poles of the 
ucleus will by flow Degrees change their Diſtance from 
ich the Magnetic Poles of the Shell, and thus cauſe a Va- 
ad- riation in that Needle's Variation, which is govern'd by 
arts the moveable Pole of the Nucleus; while that Variation 


tue, which reſpects the fix'd Poles of the Magnetic Shell 


po- remains more conſtant; as in Hudſon's Bay the Change 
m- is not obſerved to be near ſo faſt as in theſe Parts of 
Europe. And it from ſome late Accounts, that 
that in. ſome of the —— Parts of the Bay the Needle 
loſes its Magnetiſm, and which has been recovered 


in a warm Room. 


8. What 


of the World, which governs the Needle in North 


conjecture, that two of the Magnetic Poles were fixed, 


again by laying the Needle by a Fire, and keeping it 
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- 8. What ſeems a little ſtrange is, that the Doctor has 
no where, that I know of, undertook to account for 
the Dipping of the Needle by this Hypotheſis; though 
the Invention of this (by Mr. Blagrave) was before that” 
of the Change of the Needle's Variation (by Mr. Gelli- 
' -brand;) nor do I ſee at preſent which Way this Pheno- | 
menon is explicable by it. But we have not yet ſo many 
accurate Obſervations of the Needle's [nclination as we 
have of its Variation, which is its only uſeful Property. 
By ſeveral Experiments Mr. Graham very accurately 
made it appear, that the Quantity of the Needle's In- 
clination to the horizontal Line was an Angle of about 
174 or 75 Degrees: That is, ſuppoſe AB a touch'd 
Plate I. Needle, ſupported on the Point © of the Pin CD, it 
Fig. 20. will contain an Angle ACH or BCO with the. hori- 
zontal Line HO vf 74 or 75 Degrees. 18 
9. The Variation of the Needle has within a Cen- 
tury paſt undergone a remarkable Alteration; for at 
Landon it was obſerved by Mr. Burrows in the Lear 
1580 to be 119. 15“. Eaſt; that is, if N, 8, repreſent 
Pate II. the North and South Points of the Horizon, and E, W, 
Fig. 2 the Eaſt and Weſt Points, the Needle then had the Si- 
tuation AB, fo that the Arch NB =11?*. 15“. After 
that, in the Year 1622, it was obſerved by Mr. Gunter 
to be but 6* Eaſt. In the Year 1634, Mr. Gellibrand 
obſerved it to be 45. 5“. Eaſt. In 1657, it was obferved 
Sy Mr. Bond to be nothing at all, that is, the Needle 
placed itſelf then in the Situation SN, and pointed di- 
rectly to the North. After this, in the Year 1672, Dr. 
Hulle) obſerved it to be 25. zo“, Weſtward; and again 
in the Year 1692, he found it 6“. Weſt. Since then, 
in the Year 1722, Mr. Graham, by moſt accurate Ex- 
periments, found it to be 145. 13. And at preſent it 
is very near 22 Degrees; by ſome accurate "Obſervations. 
this Summer it was found to be 21˙ 0. 
10. The Variation of the Declination and Tnclination 
of the Needle is variable and ſubject to no regular Com- 
putation. What the Quantity of both Sorts of Varia- 
tion is in the ſeveral Parts of the World, will be ſhewn 
in Dr. Halley's Map of the World, improved from — 
| | Obſer- 
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Of the Attraction of MaoNETIS 


Obſervations of Mr. Pound, which is inſerted at the 
End of the LECTURE on WIND and SOUND. 
11. I think the Law of Magnetic Attraction is not 
yet aſcertained ; Sir Iſaac Newton ſuppoſes it to decreaſe 
nearly in the Triplicate Ratio of the Diſtance : But Dr. 
Hel/ham, trying the Experiment with his Loadſtone, 
found it to + as the Squares f the Diſtances inverſely. 
And the Power of my Loadſtone decreaſes in a different 
Manner from either, it being in the Se/quiplicate Ratio 


of the Diſtances inverſely. For Exactneſs, I made a 


ſquare Bar of Iron juſt 4 of an Inch thick, and then 
provided three Pieces of Wood of the ſame Form and 
Thickneſs preciſely. Then poiſing the Loadſtone very 
nicely at the End of a Balance which would turn with 
leſs than a Grain, I placed 'under 1t the Iron with firſt 
one Piece of Wood, then two Pieces, and laſtly, all 
three Pieces upon it; by which Means the Steel Points 
of the Pole were kept at 4, 3, 4, of an Inch from the 
Iron, and in thoſe Diſtances the Weights put into the 


oppoſite Scale to raiſe the Loadſtone from the Wood 
(which it touch'd while the Beam was horizontal) were 


as follows : Hats of - Bo 8. 
| - » Ratio 0 atio of Seſquip. 
Grains. the Squares. the 8342 yu 
” — 156 — 150 — 156 — 156 
2 oe 0. er KT 
2— 28 — 17 — 6 — | 
12. Whence it appears, that the Number of Grains 
to counter-act the Power of the Loadſtone in theſe Diſ- 
tances approach very near, and are almoſt the ſame 
with thoſe which are in the Se/quiplicate Ratio, but are 
widely different from thoſe which are in the Duplicate 
or Triplicate Ratio; and this Experiment J tried ſeveral 
Times for each Diſtance, and with ſcarce any Variation 
in the Succeſs. _ | 
13. The Power or Force of Magnets is generally 

greater in ſmall than in large ones, in Proportion to 
their Bulk. It is very rare that very large ones will 
take up more than 3 or 4 Times their. own Weight, 
but a ſmall one is but. tolerably good that will take 
up no more than 8, 10, or 12 Times its Weight. The 
Honourable Mr. Berk/cy, at Bruton, has one whoſe 

| Weight 


5 


"My 
1 5 
* 


* 


, 


a 


But that of Mr. Newton "(which he wears in his Ring, 


the Attraction of MacxETISM. 


> arty: Armature ) is but 43 Grains, which 


will take up 1032 Grains, which is 24 Times its Weight. 


inſtead of a Diamond of lefs Value) which weighs. 
ſcarce THREE Grains, will take up 746 Grains, which 


Fig. 3. 


Fig. 7. 


is 250 Times its Weight, which is by far the ſtrongeſt : 


and beſt of any I have ſeen; and therefore, as a great 


Curiofity, I have given a Print of the RinG and STONE 
with the Iron hanging to it, | | | 
14. Iron Bars by 13 long in the ſame Poſition 
will acquire the Magnetic Virtue to a ſurprizing Degree. 
J have ſeen one about 10 Feet long and 3 Inches thick, 
(fupporting the Summer Beam of a Room) which has 
been able to turn the Needle at 8 or 10 Feet Diſtance, 
and exceeded a Loadſtone of 31 Pounds Weight. From 


the middle Point upwards it was a North Pole, and 


downwards a South Pole; and I have by me an Iron 


Rod which has ſeveral Poles or Parts which change the 


Poſition of the Magnetic Needle: It is the Beam of a 
large Steelyard, which let AE repreſent; they at A, 
and from thence to B, the North End of the. Needle is 


attracted; at B, and from thence to C, the North End. 


zs repelFd and the South End attracted; from C to D, 


the North End is again attracted and the South End re- 
pelFd, and from D to E, the South End is attracted and 


the North End repell'd; laſtly, at the End E begins 
another Pole, and there the Needle ſtands nearly pa- 


rallel with the Beam, with neither End attracted. 


15. It will be proper here to acquaint the Reader with 


the ſeveral Methods of communicating the Magnetic 


Virtue to Iron, in ſo great a Degree, that ſuch a Piece 
of iron or Steel is deſervedly call'd an Artificial Magnet 
or Loadſtone; and as it (elſes all the Properties, fo it 
is uſed to all the Purpoſes of the Natural Loadſtone. 
16. The firſt Way of making an Artificial Magnet is 


by preparing ſeveral Steel Laminæ, or thin Plates, about 
6 or 8 Inches long, and half an Inch broad; theſe well 


poliſſied, and properly touch'd on a very ſtrong Load- 


tone, at each End, and then put together and arm'd. 


with Steel Points like the common Stone, will become 
an Artificial Magnet. . | 
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Of the Aiuraction of MAGNETISM. 


17. A ſecond way is by preparing ſolid Pieces of 


Steel, and having wrought them to a proper Figure, 
poliſhed, and armed them with Steel Armour; if then 
one of them be properly held in the Magnetic Meridian 
Line, and the other which is armed be drawn ſeveral 


Times along it, it will conceive a great Degree of Mag- 


netiſm; if then the Armour be removed from this and 
placed on the other, and that in like Manner touched 
on this, it will become magnetical. But to deſcribe the 
particular Manner, with all its Circumſtances, would 
e too tedious; I ſhall therefore refer the Reader to 
the Account given by the reputed Inventor, Mr. Sa- 
very, who was the firſt that publiſhed any conſi- 


derable Diſcoveries relative to Artificial Magnetiſm; 


but I have heard Mr. Lovelace, ſenior, affirm,” that he 


was, before that Time, poſſeſſed of the Secret, and com- , 


municated it to Mr. Savery. | 

18. A third Way is to provide a Piece of Steel, and 
continue rubbing it very hard all one Way with a po- 
liſhed Steel Inftrument, which will, by this Sort of 


Friction, conceive ſo great a Degree of Virtue, as to 
become an Artificial Magnet, of greater Force, very . 


often, than the natural 'ones. A ſmall Piece of Wire 

thus ordered, will be as tender, and point as nicely north- 
"wards, as any one touched by the Lebt: ere 
19. A fourth Way is to heat a Piece of Steel red h 
and then quench it in Water, being held therem 

ſuch a Poſition as the Dipping-Needle takes when ſuſ- 


pended on a ſharp Point. This Method will ſucceed 


only in the Hand of thoſe who by frequent Trials .haye 
acquired -a peculiar Sagacity this way ; and indeed the 
ſame may be faid of all the others. It is Experience 
only that gives a Perſon the Ingenuity neceſſary for fuc- 
ceeding in all ſuch Affairs. F ; | 


20. A fifth way is by ſetting a Bar of Iron or Steel 


in a proper Place, and there letting it ſtand for a long 
Time in a Poſition unaltered, and it will acquire a very 
great Magnetic Virtue, as has been already taken No- 
tice of; a perpendicular Poſition is beſt; and the larger 
the Bar, and the longer it ſtands, the better or ſtronger 


it will be. 
* Philoſ. Tranſ. Ne 414. 
Vo I. I. a 21. A 
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go _ - Of the Attraction of MAGNETISM. 


21. A fixth Method of giving this Virtue to Iron in 
2 ſurprizing Degree, and alſo to the Loadſtone itlelf, 
yea of altering or reverſing its Poles, and diſpoſſeſſing it 
- of its Virtue, almoſt in any Manner, was long a Secret 
in the Hands of a few, but is now well known; and 
for the Reader's practical Entertainment, as well as In- 
ſtruction, we ſhall give a Plate in the following Ap- 
pendix, repreſenting a particular Method of communi- 
cating this Virtue in the greateſt Degree, as invented 
by a Gentleman well known for a peculiar Enchirefis 
and great Succeſs in Magnetical and Electrical Experi- 
ments. 9 1 . 


; — | 

N. B. Since the following ArPENDIX on ELECTRI1- 
CITY . was printed off, I have been appriſed of a New 
Diſcovery highly conducing to the Illuſtration of that 
hitherto almoſt unintelligible Subject. A Stone (ſaid to 
be brought from the Iſſe of Ceylon, and is called Tour 
— has lately been found to be poſſeſſed of the Elec- 
trical Property in a very fingular and ſurpriſing Manner. 
Ri the frf Stone, or hard and unelaſtic Body, I be- 
heve, that was ever experienced to be electrical. It is 
the firſt Subject that has been found to have the electric 
Virtue excited without Friction; for Heat or Warmth 
alone is ſufficient to render it very ſenſibly electrical. 
It is the ſirſt Subſtance found to \ poſſes a twofold Spe- 
cies of Electricity; Glaſ has. only one Sort, and Am- 
ber only one other, contrary to the former; but this 
wonde Stone poſſeſſes both Sorts, the Vitreous on 
one Side, and the Refinous on the other; in ſhort, all 

- Kinds of electrical Experiments are ſhewn by it alone; 
which can be ſaid of no other Body. It is ſuppoſed 
this Diſeovery will tend greatly to illuſtrate, if not 


wWuholly confirm, the new Doctrine of Electrical Thunder 
3 | and Lightning. | | 
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Concerning the Improvements and new 
Experiments in ELECTRICITY. 


HE Imptovements in Electricity have 
been ſo great and numerous, that 

it would be almoſt in vain to at- 
tempt even the epitomizing of them all. We 
muſt therefore refer our iriquiſitive Readers 
to the ſeveral Authors who have wrote on 
this Subject; but fill we think it neceſſary 
in a "Treatiſe of this Kind, that there ſhould 
be a larger Account of tits wonderful Power 
than what was given in the firſt Edition of 
this Work ; and therefore we have added, by 


Way of Appendix, two Papers of Experiments 


by Mr. CAN ron, as we find them in the 
Tranſactions of the Royal Society. The firſt 


of which is n in Ne LIII. of Vol. 
XLVIII. Part 1. The Title of which is, 


E22 FEtdricl 


APPENDIX. 


Electrical Experiments, with an Attempt 10 
account for their ſeveral Phænomena; to- 
gether with ſome Obſervations on Thunder- 


Clouds, by John Canton, M. A. and 
F. R. S. 


Experiment * 


R OM the Cieling, or 


\ any convenient 


Part of a Room, let two Cord-balls,. 


each about the Bigneſs of a ſmall Pea, be ſuſ- 
pended by Linen Threads of eight or nine 
Inches in Length, ſo as to be in contact with 
each other. Bring the excited Glaſs E 
under the Balls, and they will be ſeparated 

it, when held at the Diſtance of thr 

four Feet; let it be brought nearer, and hep 
will ſtand farther apart; intirely withdraw it, 
and they will immediately come together, 
This Experiment may be made with very 
ſmall Braſs Balls hung by Silver Wire; and 


will ſucceed as well with Sealing- war made 
electrical, as with Glaſs. 


Experiment 2. 


rr un Cork Balls be ſuſpended by: a 
Silk Threads; the excited Tube muſt be 

| brought within * before they 
will 


— "IP v Ta "—_ 


APPENDIX. 


will repel each other; which they will con- 


tinue to do, for ſome Time, after the Tube is 
taken away. 

As the Balls in the firſt Experiment are not 
inſulated, they cannot properly be ſaid to be 
electrified: But when they hang within the 
Atmoſphere of the excited Tube, they may 
attract and condenſe the electrical Fluid round 
about them, and be ſeparated by the Repul- 
ſion of its Particles. It is conjectured alſo, 
that the Balls at this Time contain leſs than 
their common Share of the electrical Fluid, on 
account of the repelling Power of that which 
ſurrounds them; though ſome, perhaps, is 
continually entering and paſſing through the 


Threads. And if that be the Caſe, the Rea- 


ſon is plain, why the Balls hung by Silk, in 


the ſecond Experiment, muſt be in a. much 


more denſe Part of the Atmoſphere of the 


Tube, before they will repel each other. At 


the Approach of an excited Stick of Wax to 
the Balls, in the firſt Experiment, the electri- 
cal Matter is ſuppoſed to come through the 


Threads into the Balls, and be condenſed there, 


in its Paſſage towards the Wax : For, accord- 
ing to Mr. Franklin, excited Glaſs emits the 
electrical Fluid, but excited Wax receives it. 


E 3 Experi- 


Arp EN DIX. 


Experiment 3. 


Lr a Tin Tube, of four or five Feet in 
Length, and about two Inches in Diameter, be 
inſulated by Silk; and from one End of it let 
the Cork Balls be ſuſpended by Linen Threads. 
Electrify it, by bringing the excited Glaſs 
Tube near the other End, ſo as that the Balls 
may ſtand an Inch and a Half, or two In- 
ches apart: Then, at the Approach of the ex- 
cited Tube, they will by Degrees loſe their 
repelling Power, and come into Contact; and 
as the Tube is brought ſtill nearer, they will 
ſeparate again to as great a Diſtance as be- 
fore: In the Return of the Tube they will 
approach each other till they touch, and 
then repel as at firſt. If the Tin Tube be 
electrified by Wax, or the Wire of a charged 
Phial, the Balls will be affected in the ſame 
, Manner at the Approach of excited Wax, or 
the Wire of the Phial. 


Erperi riment 4. 


. the Cork Balls as in the laſt 
Experiment by Glaſs; and at the Approach 
of an excited Stick of Wax their Repulſion 
will be Iperealetl The Effect will be the 


ſame, 


APPENDIX. 


| fame, if the excited Glaſs be brought to- 


wards them, when they have been electrifed 
by Wax. 

THE bringing the excited Glaſs to the End, 
or Edge of the Tin Tube, in the third Expe- 


riment, is ſuppoſed to electrify it poſitively, or - 


to add to the electrical Matter it before con- 


taiued; and therefore ſome will be running off 


through the Balls, and they will repel each 
other. But at the Approach of excited Glaſs, 


which likewiſe emits the electrical Fluid, 


the Diſcharge of it from the Balls will be di- 
miniſhed ; or Part will be driven back, by a 


Force acting in a contrary Direction; and they 


will come nearer together. If the Tube be 
held at ſuch a Diſtance from the Balls, that 
the Excefs of the Denſity of the Fluid round 
about them, above the common Quantity 

in Air, be equal to the Exceſs of the Den- 
ſity of that within them, above the common 


Qu-=ntity contained in Cork; their Repulſion 


will be. quite deſtroyed. But if the Tube be 


brought nearer; the Fluid without, being 
more denſe than that within the Balls, it will 
be attracted by them, and they will recede 
from each other again. 
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Warn the Apparatus has loſt Part of its 
natural Share of this Fluid, by the Approach 
of excited Wax to one End of it, or 1s elec- 
trified negatively ; ; the electrical Fire is at- 
tracted and imbibed by the Balls to ſupply the 


| Deficiency ; and that more plentifully at the 


Approach of excited Glaſs, or a Body poſi- 
tively electrified, than before; whence the 
Diſtance between the Balls will be increaſed, 
as the Fluid ſurrounding them is augmented, 
And. in general, whether by the Approach or 
Receſs of any Body; if the Difference be- 
tween the Denſity of the internal and external 
Fluid be increaſed, or diminiſhed; the Repul- 
fion of the Balls will be increaſed, or dimi- 
niſhed accordingly. 


— 


Experiment 5 


Wurd I inſulated Tin Tube is not 
the excited Glaſs Tube 
towards the Middle of 1 it. 10 as 120 be nearly 
the End tl: repel - ant; 5 and the 
more ſo, as the excited Tube is brought 
nearer, When it has been held a few Se. 


conds, at the Diſtance of about ſix Inches, 
withdraw it and the Balls will approach 


each 


+ 


4 
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each other till they touch; and then ſepara- 
ting again, as the Tube is moved farther off, 
will continue to repel when it is taken quite 
away. And this Repulſion between the Balls 
will be increaſed by the Approach of excited 


Glaſs, but diminiſhed by excited Wax; juſt 


as if the Apparatus had been electrified by 
Wax, after the Manner deſcribed in the e third 


Experiment. 


Experiment 6. 


InsVLATE two Tin Tubes, diſtinguiſnhed 
by A and B, ſo as to be in a Line with each 


other, and about half an Inch apart; and at 
the remote End of each, let a Pair of Cork 


Balls be ſuſpended. Towards the Middle of 
2 bring the excited Glaſs Tube; and hold- 


ing it a ſhort Time at the Diſtance of a few 


Inches, each Pair of Balls will be obſerved to 
ſeparate : Withdraw the Tube, and the Balls 


of 2 will come together, and then repel each 
other again; but thoſe of B will hardly be 


affected. By the Approach of the excited Glaſs 
Tube, held under the Balls of A, their Repul- 
ſion will be increaſed: But if the Tube be 


brought, in the ſame Manner, towards the 


Balls of B, their Repulſion will be diminiſhed. 


In 
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In the fifth Experiment, the common 


Stock of electrical Matter in the Tin Tube, 


is ſuppoſed to be attenuated about the Mid- 
dle, and to be condenſed at the Ends, by 
the repelling Power of the Atmoſphere of 
the excited Glaſs Tube, when held near it. 
And perhaps the Tin Tube may loſe ſome of 
its natural Quantity of the electrical Fluid, 
before it receives any from the Glaſs; as that 
Fluid will more readily run off from the Ends 
or Edges of it, than enter at the Middle: 
And accordingly when the Glaſs Tube is 
withdrawn, and the Fluid is again equally 
diffuſed through the Apparatus, it is found 
to be electrified negatively: For excited Glaſs 
brought under the Balls will increaſe their 
Repulſion. 

IN the ſixth Experiment, Part of the Fluid 
driven out of one Tin Tube enters the other; 
which is found to be electrified poſitively, by 


the decreaſing of the Repulſion of its * at 


the Approach of excited Glaſs, 


W 


Experiment 7. 


LeT the Tin Tube, with a Pair of Balls 
at one End, be placed three Feet at leaſt 
from any Part of the Room, and the Air 


rendered very dry by Means of a Fire; 


electrify 


S Bae 59S, ef. 
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electrify the Apparatus to a conſiderable De- 
gree: then touch the Tin Tube with a Finger, 
or any other Conductor, and the Balls will, 
notwithſtanding, continue to repel each other ; 
though not at ſo great a Diſtance as before. 


Taz Air ſurrounding the Apparatus to the | 
Diſtance of two or three Feet, is ſuppoſed to 


contain more or leſs of the electrical Fire than 
its common Share, as the Tin Tube is elec- 
trified poſitively, or negatively; and when very 
dry, may not part with its Oyerplus, or have 
its Deficiency ſupplied ſo ſuddenly, as the 
Tin; but may continue to be eleQrified, after 
that has been touched for a conſiderable Time. 


Experiment 8. 


HAavinG made the Torricellian Vacuum 
about five Feet long, after the Manner de- 
ſcribed in the Philoſaphical Tranſactions, 
Vol. xlvii. p. 370, if the excited Tube be 


brought within a ſmall Diſtance of it, a 
Light will be ſeen through more than Half 


its Length: Which ſoon vaniſhes, if the 
Tube be not brought nearer; but will appear 
again, as that is moved farther off. This may 


be repeated ſeveral Times, without exciting 
the Tube afreſh, : 


Tais 
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Tuts Experiment may be conſidered as a 
Kind of ocular Demonſtration of the Truth of 
Mr. Franklin's Hypotheſis; that when the 
electrical Fluid is condenſed on one Side of thin 
Glaſs, it will be repelled from the other, if it 
meets with no Reſiſtance. According to which, 
at the Approach of the excited Tube, the Fire 
is ſuppoſed to be repelled from the Inſide of 
the Glaſs ſurrounding the Vacuum, and to be 


carried off through the Columns of Mercury; 


but, as the Tube is withdrawn, the Fire is 


ſeppoſed to return. 


Experiment . 

Lr an excited Stick of Wax, of two Feet 
and an Half in Length, and about an Inch 
in Diameter, be held near its Middle. Excite 
the Glaſs Tube, and draw it over one Half 
of it; then, turning it a little about its Axis, 


let the Tube be excited again, and drawn over 


the ſame Half; and let this Operation be 
repeated ſeveral Times: Then. will that 
Half deſtroy the repelling Power of Balls 
electrified by Glaſs, and the other Half will 
increaſe it. 

By this Experiment it appears, that Wat 
alſo may be electrified poſitively and nega- 


' tively, And it is probable, that all Bodies 


. whatſoever 
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| whatſoever may have the Quantity they con- 
tain of the electrical Fluid, ineteaſed, or di- 
miniſhed. The Clouds, I have obſerved, by 

a great Number of Experunents, to be ſome 
in a poſitive, and others in a negative State of 
Electricity. For the Cork Balls, electriſied 
by them, will ſometimes cloſe at the Ap» 
proach of excited. Glaſs; and at other Times 


_— VTV „ 8. ded 


Change I have known to happen five or fix 
Times in leſs than Half an Hour ; the Balls 
coming together each Time, and remaining 
in Contact a few Seconds, before they re- 
pel each other again. It may likewiſe 
eaſily be diſcovered, by a charged Phial, 
whether the electrical Fire be drawn out of 
the Apparatus by a negative Cloud, or forced 
into it by a poſitive one; And by whichſoever 


with its Overplus, or have its Deficiency ſup- 


nne een er 


Electricity: Which is frequently obſerved to 
be the Caſe, immediately after a Flaſh of 
Lightning. Yet when the Air 1s very dry, the 
Apparatus will continue to be electrified for 
ten Minutes, or a Quarter of an Hour, after 
the Clouds have paſſed the Zenith; and ſome- 


times 
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be ſeparated to a greater Diſtance. And this | 


it be electrified, ſhould that Cloud either part 


plied ſuddenly, the Apparatus will loſe its 
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the Drops are large, generally brings down the 
the electrical Fire: And Hail, in Summer, I 
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times till they appear more than Half-way 
towards the Horizon. Rain, eſpecially when 


believe, never fails. When the Apparatus was 
laſt elerified, it was by the Fall of thawing 


Snow; which happened fo lately, as on the 


12th of November; that being the T'wenty- 
fixth Day, and Sixty-firſt Time, it has been 
electrified, ſince it was firſt ſet up; which 
was about the Middle of May. And as Fah- 
renheit's Thermometer was but ſeven Degrees 
above freezing, it is ſuppoſed the Winter will 
not entirely put a Stop to Obſervations of this 
Sort. At London, no more than two Thunder- 
Storms have happened during the whole Sum- 
mer: And the Apparatus was ſometimes ſo 


ſtrongly electrified in. one of them, that the 
Bells, which have been frequently rung by the 


Clouds, ſo loud as to be heard in every Room 
of the Houſe (the Doors being open), were 
ſilenced by the almoſt conſtant Stream of denſe 


electrical Fire, between each Bell and the Braſs 


Ball which would not ſuffer it to ſtrike. 
I $HALL conclude this Paper, already too 


long, with the following Queries: 
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1. May not Air, ſuddenly rarified, give 
electrical Fire to, and Air ſuddenly condenſed, 
receive electrical Fire from, Clouds and Va- 
pours paſſing through it ? 

2. Is not the Aurora Borealis, the Flaſhing 


of electrical Fire from poſitive, towards nega- 
tive Clouds at a great Diſtance, through the 


upper Part of the Atmoſphere, where the Re- 
ſiſtance is leaſt ? 


As the ingenious Author of the foregoing 
Paper has given no Plate to illuſtrate thoſe Ex- 


periments with Figures: and as he has fince 
contrived to ſhew them in a more neat and 
elegant Manner by Means of Drinking-Glaſſes, 


we ſhall therefore repreſent the Experiments 
this Way, as it may be eaſily practiſed by any 
private Perſon for his own Amuſement, There- 


fore, in Fig. 1. let AB and CD repreſent two plate I. 
Pieces of Wood about ſix or eight Inches long, © to _ 


half an Inch wide, and d, of an Inch thick; Ar. 


and at the End of each, let two fine Flaxen 
Threads be fixed, of about fix Inches in 
Length, with two round Balls (about the 
Size of a white Pea, made of the Pith of 
Elder) be ſuſpended; then if the excited Tube 
be brought under the Balls at B, they will 


ſeparate, 
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ſeparate, and repel each other, while the Balls 
hanging from CD remain in Contact, placed 
at a Diſtance AC from the other; but if, 
while the Balls at B are electriſied, the Glaſs! 
be moved ſo that the Piece of Wood AB 
come in Contact with the Piece CD, then the 
Balls at B will loſe half the electric Fluid, 
which will be communicated to the Bally at 
D, and they will now repel each other; and 
the Diſtance between the Balls at B and D 
will-be but half what it was at firſt between 
the two Balls at B. This Caſe is repreſented 
by the two Pieces of Wood at EF and GH. 
TRE Pieces of Wood at IK and LM re- 
preſent the Caſe of the ſixth Experiment, 
- where the Balls of LM are electrified nega- 
tively, and thoſe of IK poſitively. | 
Tris Method of ſupporting the Pieces of 
Wood with the Balls on Glaſſes, may be 
applied to a great Variety of curious Expes 
riments, with regard to poſitive and negative 
Ele@rification, under all the different. Circums 
Nances which have been mentioned in this 
Paper, and in thoſe at, Sollow In he next 
by the ſame Author. 
= | Tus T ie PIO ene 
5 in the eighth Experiment, is here repre- 
ſented in Figure the 2d, where ac6 repres 
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ſents a hollow incurved Tube of Glaſs, whoſe 
Heighth ac is about three Feet. This Tube 
is firſt filled with pure Mercury, and then the 
Orifice of each Leg is inverted in two ſmall 
Baſons of Mercury 46. The Mercury in the 
Tube will ſubſide from the upper Part c to the 
equal Heighths n o in each Leg; then will 
there be a Vacuum, as in the common Baro- 
meter, in all the upper Part of the Tube. 
This Tube is then fixed in the Frame AB CD, 
either hapſed or tied on with Strings, as repre- 
ſented at dg e fc, which Frame is faſtened to 
the Side of the Room. If now, from the Prime 
Conductor i &, a Wire or Flaxen String 5 
carry the electric Matter to the Baſon 5, it 
will run through the Quickſilver into the va- 
cuous Part of the Tube, and produce the ſur- 
priſing Appearance of a Torrent . of electrical 
Fire in the darkened Room, which will con- 
tinue as long as the electrical Machine is in 
Motion. 8 
Tuꝝ 3d Figure repreſents a tall Glaſs Re- 
ceiver, exhauſted by the Air-Pump; and a 
pointed Wire paſſed through a Cork in 
the. Top conducts the electrical Fluid from 
the Machine to this Vacuum. The Ma- 
chine being put in Motion, and the Room 
darkened, the Spectator will obſerve the 
YOL do -* F Electricity 
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Electricity deſcending from the Point of the 
Iron, in the Appearance of a liquid Stream 
of Fire, of a pale whitiſh Hue, like Phoſphorus, 
and of a thick Conſiſtence, like Cream: which 
plainly ſhew that the electrical Matter, as it 
is produced from common Bodies, is of a very 
different Nature from the Matter of common 
Light or Fire, as it hath a very different Co- 


lour, Smell, and Conſiſtence; and that it is 


not the pure Matter of Light, or indeed any 
Thing ſimilar to it, is evident from hence, 
that it has no different Refrangibility in its 
Rays, which is the well known Property of 
Light; and therefore upon the Whole we 
may conclude, that if Lightning, the Aurora 
Borealis, &c. be the Effects of Electricity, the 
Matter is ſtill ſupplied to the Clouds and the 


upper Regions of the Air from the Earth be- 


low, in the Manner as Sir Iaac Newton has 
taught in his Book of Optics, and which we 
have already taken Notice of in the firſt Part of 


this Lecture. 


AxorhER of Mr, Canton's Papers is con- 


tained in Number XCIII. Part II. of the ſame 
Vol. under the following Title: 


Letter 


ter 


An 


4 Letter to: the Right Honourable the Earl of 


Macclesfield, Prefident of the Royal Society, 
concerning ſome new electrical Experiments, 
by John Canton, M. A. and F. R. S. 


My Lord, 


8 Electricity, fince the Diſcovery of 
it in the Clouds and Atmoſphere, 1s 


become an intereſting Subject to Mankind; 


your Lordſhip will not be diſpleaſed with any 
new Experiments or Obſervations that lead to 


a farther Acquaintance with its Nature and 


Properties. 


Tre reſinous and vitreous Electricity of | 


Mr. Du Fay, which aroſe from his obſerving 
Bodies of the one Claſs to attract, what thoſe 
of the other would repel, when each were ex- 
cited by Attrition, received no Light till the 
Publication of the ſecond Part of Mr. Frank- 
lin's Experiments; wherein it appears, that 
the one Kind of Bodies electrify poſitively, and 
the other negatively ; that excited Glaſs throws 
out the electric Fire, and excited SuJphur drinks 


it in. But no Reaſon has yet been aſſigned, 


why vitreous Bodies ſhould receive, and reſi- 
nous Bodies part with this Fire, by rubbing 
them, Some Perſons indeed, of conſide- 

3. -:- frable 
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Table b in theſe Matters, have ſup- 


poſed the Expanſion of Glaſs, when heated 
by Friction, to be the Cauſe of its receiving 


more of the electric Fluid than its natural 


Pate II. 


Share; but this Suppoſition cannot be made 
with regard to Bodies of the other Sort, ſuch 


as Sulphur, Sealing-Wax, &c. which Part with 
it, when treated in the ſame Manner. The 


following Experiments, firſt made at the latter 
End of December 1753, and often repeated 
ſince, may perhaps caſt new Light on this dif- 
ficult Subject. ; 


Having rubbed a Glaſs Tube with a Piece 


of thin Sheet Lead and Flower of Emery 


mixt with Water, till its tranſparency was 


entirely deſtroyed ; after making it perfectly 


clean and dry, I excited it with new Flannel, 
and found it act in all Reſpects like excited 
Sulphur or Sealing-Wax. The electric Fire 
ſeems to iſſue from the Knuckle, or end of the 
Finger, and to ſpread itſelf on the Surface of 


this Tube, in the beautiful Manner repre⸗ 


ſented at A and B in Fg. 1. 

Ir this rough or unpoliſhed Tube be 
excited by a Piece of dry oiled Silk (eſpe- 
cially when rubbed over with a little Chalk 


or Whiting), it will act 200 a Glaſs Tube 


with 
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with its natural Poliſh, And in this Caſe, 


the Fire appears only at the Knuckle, or End 
of the Finger; where it is very much con- 


denſed before it enters; as at A and B in Plate II. 


Fig. 2. 

Bur if the ch Tube be greaſed all over 
with Tallow from a Candle, and as much as 
poſſible of it wiped off with a Napkin, then 
the oiled Silk will receive a Kind of Poliſh 
by rubbing it, and after a few Stokes, will 
make the Tube act in the ſame Manner as 


when excited at firſt by Flannel. 


Tux oiled Silk, when covered with Chalk 
or Whiting, will make the greaſed rough Tube 
act again like a poliſhed one: But if the Fric- 
tion be continued till the Rubber 1s become 
very ſmooth, the electric Power will be chang- 
ed to that of Sulphur, Sealing-Wax, &c. 

Tavs may the poſitive and negative 
Powers of Electricity be produced at Plea- 


ſure, by altering the Surfaces of the Tube 


and Rubber; according as the one or the 
other is moſt affected by the Friction be- 
tween them: For if the Poliſh be taken 
off one Half of a Tube, the different 
Powers may be excited with the ſame Rub- 
ber at a hogle Stroke. And the Rubber is 


53 found 
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found to move much eafier over the rough, 
than over the poliſhed part of it. 
THAT poliſhed Glaſs electriſes poſitively, 


and rough Glaſs rubbed with Flannel nega- 


tively, ſeems plain, from the Appearance of 


the Light between the Knuckle, or End of 


the Finger, and the reſpective Tubes; but 


Plate II, 


yet may be farther confirmed - by obſerving, 
that a poliſhed Glaſs Tube, when excited by 
ſmooth oiled Silk, if the Hand be kept at 
leaſt three Inches from the Top of the Rub- 
ber, will at every Stroke appear to throw out 
a great Number of diverging Pencils of electric 
Fire, as in Fig. 3; but not one was ever ſeen 


to accompany the rubbing of Sulphur, Seal- 


ing-Wax, &c. nor was I ever able to make 
any ſenſible Alteration in the Air of a Room, 
merely by the Friction of thoſe B. dies: 


Whereas the Glaſs Tube, when excited ſo as 


to emit Pencils, will, in a few Minutes, elec- 
trify the Air to ſuch a Degree, that (after the 
Tube is carried away) a Pair of Balls, about 
the Size of the ſmalleſt Peas, turned out of 
Cork, or the Pith of Elder, and hung to a Wire 
by Linen Threads of fix Inches long, will re- 


pel each other to the Diſtance of an Inch and 
an Half, when held at Arm's Length in the 


Middle 
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Floor, Wainſcot, or any of the. Furniture; 
and they will touch each other when brought 
within a ſmall Diſtance of any Conductor. 
Some Degree of this electrie Power I have 
known to continue in the Air above an Hour 
after the Rubbing of the Tube, when the 
Weather has been very dry. 

Tux Electricity from the Clouds, in the 
open Air, may be diſcovered in the ſame Man- 
ner, if the Balls are held at a ſufficient Diſ- 
tance from Buildings, Trees, &c. as I have 


ſeveral Times experienced, by a Pair which 1 


carry in a ſmall narrow Box, with a ſliding 


Threads ſtraight, and that they may be pro- 
perly ſuſpended, when let fall out of it: and 
theſe Balls determine whether the Electricity 
of the Clouds or Air be poſitive, by the De- 
creaſe; or negative, by the Increaſe of their 
Repulſion, at the Approach of excited Amber 
or Sealing-Wax, 

To electrify the Air, or Moiſture con- 
tained in it, neggtively; I ſupport by Silk, 
between two Chairs placed Back to Back 
at the Diſtance of about three Feet, a Tin 


F 4 Tube 


Middle of the Room. But their Repulſon 
will decreaſe as they are moved toward the 


Cover, (Fig. 4.) ſo contrived as to keep their Plate I. 
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Tube with a fine Sewing-needle at one End 
of it ; and rub Sulphur, Sealing-Wax, or the 
rough Glaſs Tube, as near as I can to the 
other End, for three or four Minutes. Then 


will the Air be found to be negatively electri- 


cal; and will continue ſo a conſiderable Time 


after the Apparatus is removed into another 


Room. 

Tre Air . I have ſometimes 
known to be electrical in clear Weather; but 
never at Night, except when there has appear- 


ed an Aurora Borealis, and then but to a ſmall 


Degree, which I have had ſeveral Opportu- 
nities of obſerving this Year, How far poſi- 
tive and negative Electricity in the Air, with 


a proper Quantity of Moiſture between, to 


ſerve as a Conductor, will account for this, 
and other Meteors ſometimes ſeen in a ſerene 


Sky, I ſhall leave to the Curious in this Part 


of Natural Philoſophy to determine, That 
dry Air at a great Diſtance from the Earth, 
if in an electric State, will continue fo till it 
meets with a Conductor, ſeems probable from 
this Experiment: An excited Glaſs Tube 


with its natural Poliſh, being placed up- 
right in the Middle of a Room, by put- 


ting one End of it in a Hole made for that 
Purpoſe in a Block of Wood, will gene- 
rally 
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rally loſe its Electricity in leſs than ſive Mi- 
nutes, by attracting to it a ſufficient Quantity 


of Moiſture, to conduct the electric Fluid from 
all Parts of its Surface to the Floor. But if, 
immediately after it is excited, it be placed in 
the ſame Manner before a good Fire, at the 
Diſtance of about two Feet, where no Moiſ- 
ture will adhere to its Surface, it will conti- 


nue electrical a whole Day: and how much 


longer I know not. It may not be improper 
to mention here, that if a ſolid Cylinder of 
Glaſs be ſet before the Fire till quite dry, it 
may as eaſily. be excited as a Glaſs Tube, and 


will act like one in every Reſpect: The firſt . 


Stroke will make it ſtrongly Electrical. 


In a Paper I laid before the Royal Society 


on the 6th of December laſt, I conjeCtured, 
that the Electricity of the Atmoſphere might 
be obſerved even in the Winter; which I have 
ſince found to be true: For in the ſucceeding 
Months of January, F:bruary, and March, 
my Apparatus was electrified no leſs than 
twenty-five Times, both poſitively and nega- 


tively, by Snow, as well as by Hail and Rain; 


and to almoſt as great a Degree when Fahren- 
beit's Thermometer was between 28 and 34. 
as I ever knew it in the Summer, except in 
a Thunder Storm, | 

| I 8HALL 
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I 8HALL be glad, if theſe Obſervations 
and Experimeuts may engage Perſons of 


more Leiſure and ſuperior Abilities to purſue 


this Inquiry; as it is highly probable their 
Reſearches would be rewarded by many uſe- 


ful Diſcoveries. I haye the Honour to be, 


. My Lord, &c. 


— — — — 
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The Method of making ARTIFICIAL 


MacNners. 


E have already intimated, that Mag- 
netiſm may be communicated b 
many difterent Ways to Bars of Iron, with- 


out the Touch or Uſe of real Magnets; and 
this has been done in an extraordinary Manner 


by Mr. Savory, Mr. Lovelace, Dr. Knight, Mr. 
Mitchell, Mr. Canton, and others at home; alſo 


the Meſſrs. Du Hamel and Antheaume at France. 


But though the Methods taken by thoſe Gen- 
tlemen are different, yet the Force commu- 
nicated to Steel Bars, properly tempered, 
1s nearly the fame in all; and the Method 

of 


ir 
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of ſucceeding beſt in theſe Caſes is generally 
deduced from a great Number of Experiments. 
For we are yet too little acquainted with Na- 
ture, and the Laws of Magnetiſm, to reaſon 
directly, or 4 priori, concerning its Proper- 
ties; and as the ſtrongeſt artificial Magnets I 
have yet ſeen are thoſe made by Mr. Canton, 


I ſhall give his Paper, directing the Method 


of making them, as it is contained in Ne VI. 
Vol. XLVII, of the Tranſa#tons, under the 
following Title: 


A Method of making artificial Magnets with- 


out the Uſe of natural ones; communicated - 


fo the Royal Society, by Jann Ce. 
M. A. and F. R. 5. 


ROCURE a 3 Bars; ox of ſoft 


ter of an Inch broad, and one twentieth of an 
Inch thick, with two Pieces of Iron, each 
Half the Length of one of the Bars, but of 


the ſame Breadth and Thickneſs ; and fix of 


hard Steel, each five Inches and an Half 
long, Half an Inch broad, and three- 
twentieths of ,an Inch thick, with two 
Pieces of Iron of half the Length, but the 
whole Breadth and Thickneſs of one of 

| the 


Steel, each three Inches long, one Quar- 
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the hard Bars: And let all the Bars be mark- 

ed with a Line quite round them at one End. 
Tux take an Iron Poker and Tongs * 

(Fig. 1.) the larger they are, and the longer 


they have been uſed, the better; and fixing 
the Poker upright between the Knees, hold to 


it near the Top one of the ſoft Bars, having 
its marked End downward, by a Piece of ſew- 
ing Silk, which muſt be pulled tight with the 
left Hand, that the Bar. may not flide ; Then 


graſping the Tongs with the right Hand a 


little below the Middle, and holding them 


nearly in a vertical Poſition, let the Bar be 
ſtroked by the lower End, from the Bottom 
to the Top, about ten Times on each Side, 
which will give it a magnetic Power ſufficient 
to lift a ſmall Key at the marked End: 
Which End, if the Bar was ſuſpended on a 
Point, would turn toward the North, and is 
therefore called the North Pole, and the un- 
marked End is, for the ſame Reaſon, called 
the South Pole of the Bar. 


Foux of the ſoft Bars being impregnated 


after this Manner, lay the other two (Fig. 
2.) parallel to each other, at the Diſtance 
of about one-fourth of an Inch, between 


* Or two Bars of Iron, 


— 
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the two Pieces of Iron belonging to them, 
and a North and South Pole againſt each Piece 
of Iron: Then take two of the four Bars al- 
ready made magnetical, and place them toge- 
ther, ſo as to make a double Bar in Thickneſs, 
the North Pole of one, even with the South 
Pole of the other; and the remaining two be- 
ing put to theſe, one on each Side, ſo as to 
have two North and two South Poles. together, 
ſeparate the North from the South Poles at 
one End by a large Pin, and place them per- 
pendicularly with that End downward, on 
the Middle of one of the parallel Bars, the 
two North Poles towards its South, and the 
two South Poles towards its North End: Slide 
them backward and forward three or four 


Times the whole Length of the Bar, and re- 


moving them from the Middle of this, place 


them on the Middle of the other Bar, as be- 
fore directed, and go over that in the ſame 
Manner; then turn both the Bars the other 
Side upward, and repeat the former Ope- 
ration: This being done, take the two: from 
between the Pieces of Iron, and placing the 
two outermoſt of the touching Bars in their 
Room, let the other two be the outermoſt of 
the four to touch theſe with: And this Proceſs 


being 
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being repeated till each Pair of Bars have 
been touched three or four Times over, which 
will give them a conſiderable magnetic Power, 
put the half dozen together after the Manner 
of the four (Fig. z.) and touch with them 
two Pair of the hard Bars, placed between 
their Irons, at the Diſtance of about half an 
Inch from each other: Then lay the ſoft Bars 
aſide; and with the four hard ones let the 
other two be impregnated (Fig. 4.) holding 
the touching Bars apart at the lower End neat 
two tenths of an Inch, to which Diſtance let 
them be ſeparated: after they are ſet on the 
parallel Bar, and brought together again before 
they are taken off: This being obſerved, pro- 
ceed according to the Method deſcribed above, 
till each Pair Have been touched two or three 
Times over. But as this vertical Way of touch- 
ing a Bar will not give it quite ſo much of 
the magnetic Virtue as it will receive, let 
each Pair be now touched once or twice over 
in their parallel Poſition between the Irons 
(Fig. 5.) with two of the Bars held horizon- 
tally; or nearly fo, by drawing at the ſame 
Time'the North of one from the Middle over 
the South End, and the South of the other 
from the Middle over the N orth End of a 
parallel 
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parallel Bar; then bringing them to the Mid- 


dle again without touching the parallel Bar, 


give three or four of theſe horizontal Strokes 
to each Side. The horizontal Touch, after 
the vertical, will make the Bars as ſtrong as 
they can poſſibly be made: As appears by 


their not receiving any additional Strength, 


when the vertical Touch is given by a greater 
Number of Bars, and the horizontal by thoſe 
of a ſuperior magnetic Power. This whole 
Proceſs may be gone through in about half 
an Hour, and each of the larger Bars, if 
well-hardened *®, may be made to lift 


twenty-eight Troy Ounces, and - ſometimes - 
more. And when theſe Bars are thus im- 


pregnated, they will give to an hard Bar of 
the ſame Size, its full Virtue in leſs than 


The Smith's Manner of hardening Steel, whom I 
have chiefly employed, and whoſe Bars have conſtantly 
proved better than any I could meet with beſide, is as 
follows: Having cut a ſufficient Quantity of the Leather 


of old Shoes into very ſmall Pieces, he provides an Iron 


Pan, a little exceeding the Length of a Bar, wide enough 
to lay two Side by Side without touching each other or 
the Pan, and at leaſt an Inch deep, This Pan he 
nearly half-fills with the bits of Leather, upon which 
he lays the two Bars, having faſtened to the End of each 
a ſmall Wire to take them out by: He then quite fills 
the Pan with Leather, and places it on a gentle flat 
Fire, covering and ſurrounding it with Charcoal. The 
Pan being brought to ſomewhat more than a red heat, he 
keeps it ſo about half an Hour, and then ſudde 


quenches the Bars in a large Quantity of cold Water, 
. two 
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two: Minutes: And therefore will anſwer all 
the Purpoſes of Magnetiſm 1n Navigation and 


experimental Philoſophy, much better than 
the Loadſtone, which is well known not tg 


have ſufficient Power to impregnate hard Bars, 
The half dozen being put into a Caſe (Fig. 6.) 


in ſuch a Manner, as that two Poles of the 


ſame Denomination may not be together, and 
their Irons with them as one Bar, they will 
retain the Virtue they have received: But if 


their Power ſhould, by making Experiments; 
be ever fo far impaired, it may be reſtored 


withqut any foreign Aſſiſtance in few Mi- 
nutes. And if, out of Curioſity, a much 
larger set of Bars ſhould be required, theſe 
will communicate to them a ſufficient Power 


to proceed with, and they may in a ſhort Time, 
by the ſame Method, be * to their full 


Strength. 
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Of the Attraction of GRAVITATION, 


netary Attendants. The Laws of this At- 
traction are as follows, viz. (1.) It is com- 


- diſtant one Semidiamster from the Centre C, 


fingly act only upon Contact, and in ſmall Diſtances ; 


Sort of Motion. Of the ca Law of the 
PrAantrary MoTions. Of zhe Ficurs 


of the EARTH, and bow determined. 


= HE Fourth and laſt Species of Attrac- 


tion is that of GRAVITATION, which 
1s evid-nt only between large Bodies, 
as the Earth and Moon, the Sun and its Pla- 


mon to all Bodies, and mutual between them, 
(2.) It is proportional to the Quantity. of 
Matter in Bodies. (3.) It is exerted every 
Way from the Centre of the attracting Body 
in Right. lined Directions. (4.) It decreaſes 
as the Squares of the Diſtances inereaſc: That 
is, if a Body at A, on the Earth's Surface, 


weighs 3600 Pounds, it will at the Diſtance 
of 2, 3. 4, 5» 6, Semidiameters weigh 900, 
400, 225, 145, 100 Pounds; which Num- 
bers decreaſe as the Squares of the: Diſtances 
* 9. 16, 25, 26. increaſe l LES! 

| | -- Hence 


'LX 6 E &%. 


& v Thou 1 we reckon. is. Jocks of At- 
traction different from that of Cotichon, et when well 
82 it may be found perhaps ko differ no other- 
wiſe than as the hole from wy Kell for the Gravity 
of large Bodies may be only the Reſult or Aggregate of 
the particular Powers of the conſtituent Par Pariet, which 


but 


.Of the Attraction of Gravitation. 


Hence we learn that all Bodies have 
WEIGHT, or are heavy; and that there. is 
no ſuch Thing as abſolute LEvIT in Na- 
ture; and by the ſecond Law, the Weight 
of all Bodies 1s proportional to the Quan- 
tity of Matter they contain; and hence, 
ſince Bodies of equal Bulks are found to 
have unequal Quantities of Matter, it evi- 
dently follows, that a Vacuum, or Space 
void of Matter, muſt neceſſarily exiſt, 
and that an abſolute PLENUM is a Doe- 


* 


but with their joint Forces, in vaſt Quantities, pro- 
duce a mighty * whoſe Efficacy extends to very 
great Diſtances, proportional to the Mund. of 
Bodies. 

2. This Wag of Gravity is, to Senſe, the Gans for 
any Diſtances near the Earth's Surface; fince a ſmall 
Diſtance from the Surface of the Earth does not ſen- 
ſibly alter the Diſtance from the Centre, which is near 
4000 Miles: At the Height therefore of one Mile, for 
Inſtance, the Diſtances from the Centre will be as the 
Numbers 4000 to 4001, and the Powers of Gravity in- 
verſely as their Squares, viz. 16008001 to 16000000, 
or as 16008 to 16000, which are ſo near an Equality 
as not to be ſenſibly different from each other.. 

3. But when the Diſtance is ſo great as to cause u 
Diſproportion between that and the Semidiameter of the 


Earth, then will the Power of Gravity decreaſe very 


ſenſibly, according to the Law above laid down: Thus 
at the Diſtance of the Moon, which is, at 4 Mean, 
about 60 Semidiameters of the Earth, the Power of 
Gravity is to that on the Earth's Surface as f to 3600, 
as will be ſhewn under the Article of _ Porees with 
infficient Demonſtration. ' 
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mine unphiloſophical, and equally falſe and 
abſurd (XVII.) 3 
| Ar.s0, 


(XVII) 1. Since there is no Sort of Matter that we 
1 have any Knowledge of but what will gravitate, to ſup- 
poſe there is any Sort that will not, is arbitrary, and 
contrary to the Rules of Philoſophizing, and all ſound 
Reaſoning; by which we are confined to the Phæno- 
; mena of real, and not 1maginary Exiſtence. 

2. The Weight or Quantity of Matter in Bodies may 
be expreſs'd by their Bulks multiplied by their Denſities, 
By the DENs1TY of a Body is meant the greater or leſſer 
Quantity of Matter under the ſame Bulk; and there- 
fore the Denſity (D) of any Body A, is to the Denſity 
(D) of any other Body B of equal Bulk, as the Quan- 
tity of Matter (M) in the former is to the Quantity of 
Matter (m) in the latter. That is, D: D:: M: mn; 
| Du -= DM. . n 
| . But if the Bulks are unequal, and the Quantities 
of Matter the ſame, or equal in any two Bodies B and 
; C; then will the Denfity (D) of the Body B be to the 
| Denfity (4) of the Body C, as the Bulk (5) of the latter, 
to the Bulk (B) of the former; vis. D: d:: 5: B; 
4. Hence SDA. and ſo. Mdb= 
| ”=m_ n a6 Annen 


| eonſequently-M : m : : BD hd; that is, The Quantity 
| 3 in any tue Bodies A and C, which differ in 
ut and Weight, are to each other as the Products of the 
3 Denfitiey by their Bulks, as was above aſſerted. 
| Ig 5. Hence alſo in ſuch Bodies, D:& :: Mö: nB; 
. that; is, the Den/ities of the two Bodies A and C are di- 
| rech as the Duantities of Matter, and inverſely as their 


1 1E. 24 £55 i 1.44 1 ; — 
19 . 6. Laſtly, The Bulls or Magnitudes of two Bodies A 
end Care directij as their Quantities of Matter or Weights, 
{ and - hid as their Denſities ; for we have B: : MA 
N. 
7. What has been hitherto faid relates to the abſolute 
"Weight of Bodies; but when the Weight of Gravities 
| O 
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ALso, from the third Law it follows, that 


all Bodies deſcending freely by their Gravity 


tend towards. the Earth in Right Lines per- 
pendicular to its Surface; and with equal 
Velocities, (abating for the Reſiſtance of the 


Air) as is evident by the ſecond Law above, 


and what will immediately follow in Me- 
chanics (XVIII.) 
| AGAIN: 


of Bodies of equal Bulk are conſidered and compared 
together, they are then called the Relative Weights or 
Specific Gravities of thoſe Bodies, and fince they are 
likewiſe proportional to the Quantities of Matter, it is 
evident, that the Denſities and Specific Gravities are pro- 
portional to each otber, in all Bodies; and therefore what 
has been ſaid of the one is equally applicable to the other. 

8. As a Corollary to this Article, we may obſerve 
with Sir 1/Jaac Newton, that all Space cannot be filled 
with Matter, as the Pleniſts aſſert, but that there muſt 


neceſſarily be Vacuities or Interſtices void of Matter in 


the Compoſition of natural Bodies; for if there were 
not, then Bodies of equal Bulk would ever be-of the 
ſame Weight and Denſity, or, in other Words, the 
Denſity and Specific Gravity of Cork or Air would be 
the ſame with that of ®uick/ilver or Gold. And it is 
ſurprizing to think, that ſuch Abſurdities are not groſs 


enough to be heeded by thoſe who heſitate about a 
Vacuum. 


(XVIII) The Reaſon why all Bodies deſcend with 


an equal Velocity towards the Centre of the Earth (in 
Vacus) is becauſe the Force of Gravity in each is pro- 
portional to the Quantity of Matter, or Number of Par- 
ticles only, independent of any other Circumſtance or 
Conſideration whatſoever, Thus ſuppoſe the Body A 


has only one Particle of Matter, and the Body B con- 
fiſts of one hundred, then will the Force of 1 in 
orce 


A be to that in B as 1 to 100; and therefore the 


acting on each ſingle Particle in B is but r of the whole 
G 3 Force, 
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. AGAIN : Since the Attraction is always di- 
rectly as the Quantity of Matter, and inverſely 
as the Square of the Diſtance, it follows, that 
were the internal Parts of the Earth a perfect 
Void, or hollow Concavity, a Body placed 
any where therein would be abſolutely light, 
or void of Gravity; but ſuppoſing the Earth a 
ſolid Body throughout, the Gravity from the 
Surface to the Centre will decreaſe with the 
Diſtance, or it will be directly proportional to 
the Diſtance from the Centre (XIX). 


Having 


Force, and conſequently is but equal to the Force act- 
ing on the ſingle Particle A; fince then each ſingle Par- 
ticle in B is acted upon with the ſame Force as the 
Particle A, the Velocities in each muſt be equal; that 
1s, each Particle in the Body B, (and therefore the whole 
Body) muſt deſcend with an equal Velocity with that 
of A. This would be eaſy to conceive, if the Particles 
in the Body B were to fall ſeparate; and I think it 1s 
as eaſy to underſtand that their Connection or Cohefion 


can no ways contribute to the Acceleration of their 


Motion, which is entirely the Effect of the attracting 

Force of the Earth. 5 
(XIX) 1. For IIluſtration, ſuppoſe ABC be the 
outward Shell or Cruſt, and all the internal Parts of the 
Earth an hollow Space or Concavity, in which ſuppoſe 
any Body, as R, to be placed in any Part whatſoever ; 
thro* the Centre of the ſaid Body let there be drawn the 
Lines ad and bc, which by their Revolution would de- 
ſcribe Cones, whoſe Baſis ab, and cd, in the ſpherical 
Superficies, are in Proportion to each other as the Squares 
of the Diſtances from R reſpectively. Now the Particle 
R 1s attracted by the Particles in thoſe two Baſes with 
an equal Force; for the Force is as the Square of the 
Diſtance of the Baſes inverſely, and as the N N of 
a Ar- 
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HA vx premiſed the neceflary Præcog- 
nita to the Science of  MEcyanics, which 


particles in each Baſe directly, which Number of Parti- 

cles is as the Square of the Diſtance from the Particle 

directly. But this direct and inverſe Ratio of the Forces 

makes a Ratio of Equality; that is, the Forces on each 

Side are equal, and being in contrary Directions they 

deſtroy each other; and this being the Caſe in any other 

Part of the Concave Superficies, 'tis evident the Body 

R cannot be impell'd towards any Part, but will retain 

its Poſition as if not affected by Gravity at all. 

2. The Forces with which a Body will be attracted 

on the Surface of two Spheres of the ſame Denſity, but 
unequal Bulks, will be direftly as the Diameters of the 

Spheres. . For the Force (f) of the leſſer Sphere ABC Plate II. 
will be to the Force (F) of the greater DEF inverſely Fig. 5, 6. 
as the Squares of the Diameter (4*) of the leſſer to the 

Square. of the Diameter (D“) of the greater; that is, 


— .- - 3 


0 :; WF 


—_ Wo | | 
2 W443: *> b 

a f:F 2 55 Note, This is ſo ecauſe the Forces 
a are inverſely as the Squares of the Diſtance, from the Cen- 
it | tres, which are equal to half the Diameter. | 
0 3. Again: The Forces are as the Number of attract - 
* ing Particles, which are as the Bulks or Magnitudes 
1 of the Spheres, which are as the Cubes of the Diameter; 
* therefore alſo f: F:: 4: D.; whence both theſe 
s KRatio's compounded give f: F:: : 1 


or, the Forces of Aitraction are in Proportion to the Dia- 
meters 15 the Spheres directly. 

4. Hence it follows, that were there a Perforation 
made, and à Body to deſcend therein from the Surface 
of the Earth to the Centre, its Gravity would always 
decreaſe with the Diſtance from the Centre; becauſe in 
every Place it might be conſider'd as on that Surface of 
a Sphere whoſe Diameter is equal to twice the Diſtance 
from the Centre, and which is proportional to the 
Sphere's AttraQtion; the Parts of the Earth above the 
Body being only Part of a Spherical Shell, which has 
no Effect on the Body, as was ſhewn above. 
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entirely depends on the Principle of Gra- 


vitation, we come immediately to conſider the 
Object thereof, viz. the Nature, Kinds, and 
various Afettions of Motion, and moving Bo- 


dies; and the Structure and Mechaniſm of 


all Kinds of Machines, commonly called Me- 
chanical Pawers, whether Simple or Com- 
pound. „ 


MOTION is the continual and ſucceſ- 
ſiye Change of Space, and is either Abſolute or 
Relative. Abſolute Motion is the Change of 
Abſolute Space or Place of Bodies, as the Flight 
of a Bird, the Motion of a Projectile, &c. 
But Relative Motion is the Change of Relative 
Space, or that which has Reference to ſome 
other Bodies: As of two Ships under Sail, 
the Difference of their Velocities is the Rela- 
tive Motion of the Ship failing faſteſt; and is 
that alone which is diſcernible by us. The 
ſame is to be underſtood of Abſolute and Re- 
latrve Reft (XX). 

3 AAN: 


(XX) To make this Matter yet plainer, we are to 
conſider, that SPACE is nothing elſe but an abſolute and 
infinite Void; and that the PLACE of a Body is that Part 
of the immenſe Void which it takes up or poſſeſſes ; and 
that Place may be conſidered either abſolutely, or in it- 
ſelf alone, and then it is called the Abſolute Place of the 
Body; or elſe with regard to the Place of ſome other 


Body, and then it is called the, Relative or Apparent Place 
of Bodies. Rip NY | 
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3 5 
Ac Alx: Motion is either Equable or Ac- 
celerated. Equable Motion is that by which 
| a Body 


2. Now as Motion is only the Change of Place in 
Bodies, 'tis evident that will come under-the ſame Diſ- 
tinction of Abſolute, and Relative or rd All Mo- 
tion is in itſelf Abſalute, or the Change of Abſolute Space; 
but when the Motions of Bodies are confider'd and 
compar'd with each other, then are they Relative and 
Apparent only; they are Relative, as they are compar'd 
with each other; and they are Apparent only, inaſmuch 
as not their true or abſolute Motion, but the Sum or Dif- 


ference of the Motions only is perceivable by us. 
3. In comparing the Motions of Bodies, we may 


conſider them as moving both the ſame Way, or towards 
contrary Parts; in the firſt Caſe the Difference of the 
Motions 1s W ens by us, in the latter the Sum of 
the Motions. Thus for Example; ſuppoſe two Ships, 
A and B, ſet ſail from the ſame Port upon the ſame 
Rhumb,. and that A fails at the Rate of five Miles per 
Hour, and B at the Rate of three; here the Difference 
of the Velocities (viz. two Miles per Hour) is that 
by which the 2 
forwards, or the Ship B will appear at A to go with the 
ſame Velocity backwards, to a Spectator in either re- 
ſpectively. 

4. If the two Ships A and B move with the ſame De- 
gree of Velogity, then will the Difference be nothing, 
and ſo neither Ship will appear to the other to move at 
all. Hence it is, that tho the Earth is continually re- 
volving about its Axis, yet as all Objects on its Surface 
partake of the ſame common Motion,” they appear not 
to move at all, but are relatively at Reſt. | 

5. If the two Ships A and B, with the Degrees of 
Velocity as above, meet, each other; the one will 
E to a Spectator in the other to move with the Sum of 

th Velocities, viz. at the Rate of eight Miles per Hour; 


ſo that in this Caſe the 2 Motion exceeds the True, 


as in the other it fell ſhort of it. Hence the Reaſon 


Why a Perſon riding againff the Wind finds the Force of - 
22 | 1 


A will appear to go from the Ship B 
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a Body paſſes over equal Spaces in equal 
Times. Accelerated Motion is that which is 
continually augmented or increaſed; as Re- 
tarded Motion is that which continually de- 
creaſes: And if the Increaſe or Decreaſe of 
Motion be equal in equal Times, the Mo- 
tion is then ſaid to be equably accelerated or 
retarded (XXI). 

i Tux 


it much greater than it really is, whereas if he rides 
with it, he finds it leſs. 

welt S$CHOLIUM. 

6. The Reaſon of all theſe different Phænomena of 
Motion will be evident if we only confider, that we muſt 
be abſolutely at Reſt, if we would diſcern the true or 
real Motion of Bodies about us. Thus a Perſon on 
the Strand will obſerve the Ships ſailing with their real 
Velocity; a Perſon ſtanding ſtill will experience the true 
Strength and Velocity of the Wind ; and a Perſon placed 
in the Regions between the Planets will view all their 
true Motions ; which he cannot otherwiſe do, becauſe 
in all other Caſes the Spectator's own Motion muſt be 
added to, or ſubdued 2 that of the moving Body; 
and the Sum or Difference is therefore the Apparent or 
Relative Motion, and not the True. 

(XXI) 1. Equable Motion is generated by a ſingle 
Impetus or Stroke; thus the Motion of a Ball from a 
Cannon is produced by the ſingle Action of the Powder 
in the firſt Moment, and Aherefore the Velocity it firſt 

fets out with would always continue the ſame, were it 
void of Gravity, and to move in an unreſiſting Medium, 
which therefore would be always equable, or ſuch as 
would carry- it through the ſame Length of Space in 
every equal Part of Tine. | 

2 Accelerated Motion is produced by a conſtant Im- 
pulſe, or Power which keeps continually acting upon 
the Body, as thatof d er produces the Motion 
of Falling Bodies, which Sort of Motion is conſtantly 

| accelerated, 
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Tu Celerity or Velocity of Motion is that 
Affection by which a Body paſſes over a 
given Space in a given Time, or what we 

com- 


accelerated, becauſe Gravity every Moment adds a new 
Impulſe, which generates a new Degree of W 
a the Velocity thus increaſing the Motion-muſt 
quicken'd each Moment, or fall faſter and faſter the 
longer it falls. 

3. In like Manner, a Body thrown perpendicularly 
upward, as a Ball from a Cannon, will have its Motion 
continually retarded, becauſe Gravity acts conſtantly upon 
it in a N contrary to that given it by the Pow- 
der, ſo that its 8 upwards muſt be continuall 
diminiſhed, and ſo its Motion is continually — 
till at laſt it be all deſtroyed. The Body has then 
attain'd its utmoſt Height, and is for a Moment motion- 
leſs, after which it begins to deſcend with a Velocity in 
the ſame Manner accelerated, till it comes to the Earth's 
Surface. 

4. And becauſe at a ſmall Diſtance from the Earth's 
Surface, the Power of Gravity is every where the ſame, 
it follows, that in equal Moments of Time the Im- 
pulſes on the Body will be equal, which will therefore 
generate an equal Increaſe of Velocity each Moment, 
_— Conſequence the Motion reſulting from thence 
wi equally quicken'd if downwards, or retarded if 
upwards, in Mediums without Reſiſtance. 


5. In this Caſe we * obſerve in Bodies that are 
h 


projected upwards, (1.) at the Time of the Aſcent 
is equal to that of the Deſcent 
Heights above the Earth, the Velocity in Aſcent 
and Deſcent is equal, or the ſame; and therefore, (3.) 
That the Velocity acquired (by falling) at the Earth's 
Surface, is equal to that which is generated the 


Powder, or other Impetus (which threw it up) in the 


firſt Moment of its Motion. What Difference will ariſe 
from a reſiſting Medium (as to Projectiles thrown up in 


the Air, Sc.) will be hereafter more fully conſider'd and 


ſpecified, - 


(2.) That at equal 
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commonly call the Swifineſt or Slowneſs of 


Motion (XXII.) 


TE MoOoMEN TUM or Quantity of Mo- 


tion is all that Power or Force which a mov- 


ing Body bas to affect or ſtrike any Ob- 


ſtacle or Impediment which oppoſes its 
Motion, and is equal to that impreſſed Force 


by 


(XXII) 1. From the above Definitions we may de- 


termine the Theorems, for the Expreſſions of the Time 
(T), the Velocity (V), and the Space (S), paſſed over 
in Equable or Unifòrm Motion, very eafily thus: 

2. If the Time be given, or the ſame ; the Space paſſed 
ever will be as the Velocity, viz. 8: V; that is, with 
twice the Velocity, twice the Space; with three Times 
the Velocity, three Times the Space, will be paſs'd over 
in the ſame Time; and ſo on. 


3. If the Velocity be given, or remain the ſame; 


then the Space paſs'd over will be as the Time (viz. 8: I] 


that is, it will be the greater or leſſer as the Time is ſo. 
4. But if neither the Time nor Velocity be given, or 


| known; then will the Space be in the compound Ratio of 
| both, viz. S: TV. | | a2 


5. Hence, in general, ſince 8: TV, we have V;: A 


that is, the Velocity is always directly as the Space, and in- 
verſely as the Time, 

6. And alſo T: 1 that is, the Time is as the Space 
drrettly, and as the Velocity inverſely ; or, in other Words, 
it increaſes with the Space, and decreaſes with the Velocity. 

7. If therefare in any Rectangle ABCD one Side AB 


. reprefent the Time, and the other Side BC the Velo- 


city, 'tis evident the Area of the ſaid Rectangle will re: 


preſent the Space paſs'd over by an uniform Motion in 


the Time AB and with the Velocity BC, 


— — 2 0 
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by which the Body is ene to change 
its Place. 


Siek the Force of a Body 1 1s greater or 


lefſer as the Quantity of Matter is fo, when 
the Velocity of its Motion is the ſame; alſo 


finee the ſaid Force in the ſame Body is pro- 


portional to its Velocity: Therefore it follows, 
that the Mamentum or Force of Bodies in 
Motion is in the compound Ratio of their 
Quantities of Matter and their Velocities con- 


jointly. Thus if one Body A ſtrike an Pl. II. 
Obſtacle X, with three — of Matter and Fig - 3. 


nine Degrees of Celerity; and another Body 
B ſtrike it with five Parts of Matter, and 
ſeven Degrees of Celerity ; the Memenza of the 
reſpective Strokes will be as tweaty-feven' to 
thirty-five (XXL). eee 
.. THE 

(XXIII) Since the Momentum ( M) at's. Body is 
compounded of the Quantity of Matter (Q, and the 


Velocity (V), we have this govern) Expreſſion MQ, 
for the Force of any Body A ſuppoſe the Force of 


another Body B by repreſented the ſame, gh in 


Ttalicks, viz. M=9V. 
2. Let the two Bodies A and B in Motion im 


on each other directly; if they tend both the 1 


the Sum of their Motions towards the ſame Part will 'be 
QV "ore But if they tend towards contrary Parts, 
or m 
ſame Nit w de QV= for ſince the Motion of 
one of the Bodies is contrary to What it was before, it 
muſt be connected by contrary Sign. Or thus; be- 
cauſe when the Motion of B conſpires with that of A, it 
is added to it; ſo when it is contrary, it is ſubdu 
from it, and the Sum or TI of the abſolute Motions 
16 


de Sum of their Motions toward the 
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MrcHaNnilcs. 
TuRE general Laws of Motion which 
all Bodies obſerve, are the three following, 


LAW 


oy 


is the whole Relative Motion, or that which is made to- 


wards the ſame Part. 
3. Again, this total Motion towards the ſame Part 
is the ſame both before and after the Stroke, in cafe 


the two Bodies A and B impinge on each other; be- 


cauſe whatever Change of Motion is made in one of 
theſe Bodies by the Stroke, the ſame is produced in the 


other Body towards the ſame Part; that is, as much az 


the Motion of B is increaſed or decreaſed towards the 


ſame Part by the Action of A, juſt ſo much is the Mo- 
tion of A diminiſhed or augmented towards the ſame 
Part by the 1 Re-action of B, by the third Law of 
Motion. 

4. In Bodies not elaftit, let x be the Velocity of the 
Bodies after the Stroke (for fince we ſuppoſe them not 
elaſtic, there can be nothing to ſeparate them after Col- 
liſion, they muſt therefore both go on together, or with 
the fame Celeri ty). Then the Sum of the Motions after 
Collifion "Way, 6 Qz+ 2 ; roy = 05 Bodies tend 
9 ay, we +9/ =QOz+Dz, or if 

98 . ng 97 7 10; al | ating 
Q) EY = or ED = „ 


5. Sie B Body (B) be at reſt, then 125 and the 


Fig. 1. Velocity of the Bodies after the Stroke will 


PI. IV. 
Fig. 2. 


e, Th if the Bodies be equal * 0 


A with 10 Degrees of Velocity impinge on B at reſt; 


a If L . W : 110 
the Stoke, 35 IQ $7 mods Noe 


. : . ' 
1 4 
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ch LAW 1. Every Boch will continue in ils 
g, State of Reſt, or — uniformly in à Rigbi . 
Tie 
W 
6. If the Bodies are both in en and tend to- pl. IV. 
to- wards oppoſite Parts, or meet; then when Q= an and Fig. 3. 
nt V=#, "tie plain N =0=x; that is, the Bodies 
e 


which meet with equal Bulls and Velocities will deſtroy each 
vther”s Motion after the Stroke, and remain at reſt, If 


che Q 27 but V: 7: : 6: 14, then ALON, 2 = 4 Fig 4 

a3 . 

he =—4 =—#; which ſhews that 1 Bodies n . 
lo- with unequal Fatocitivs, they will after the Stroke both 2b | 


me hs the AY oy whied the moſt prevalent Bedy nb ved n 


1 . If che Velocity W be multiplied by the | 
ESQ, F 
ol - rr of Matter Qand _ we: ſhall men 


1 loſt in A after the Stroke, and conſequently 
I r 
| anner. | 


— . 


16 8. Pet! dase 'A Pati of this Expreſſion (vix. wg) ; 


n the L6G of Motion will be ever pr ortional 
to the other Part v. But this Lofs or os Ss: bf 


; Motion in either Body is the whole Effect, and ſo meas 
| me the Magnitude or Energy of the Stroke, Where- 


| If fore 
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pulſe, but likewiſe 3 they always repelling each 


Mzcnanitcs 


Line, except ſo far as it is compell'd to change 
that State by Forces impreſſed. = 4 
| LAW 


* 


7 


þ , 


for any two Bodies, not elaſtic, ſtrike each other with 
a Stroke always proportional to the Sum of theit Velo- 
cities (V +Y) if they meet; or to the Difference of theit 


Velocities (VV if they tend the ſame Way. 


9. Hence if one Body (B) be at reſt before the Stroke, 


then /=0; and the Magnitude of the Stroke will be as 


V, that is, as the Velocity of the moving Body A; and 
not as the Square of its Velocity, as many Philoſophers 
(viz. the Dutch and Italians) maintain. 5 

10. In Bodies perfectly elaſtic, the reſtituent Power 
or Spring, by which the Parts diſplaced by the Stroke 


reſtore themſelves to their firſt Situation, is equal to the 


Force impreſs'd, becauſe it produces an equal Effect 


therefore in this Sort of Bodies, there is a Power of 
Action twice as great as in the former Non-elaſtic Bo- 
dies, for theſe Bodies not only ſtrike each other by In- 


% 


other after the Stroke: | M4 

11. But we have ſhewn that the Force with which 
Non-elaſtic 'Bodies ftrike each other is as V=/; 
therefore the Re- action of Elaſtic Bodies is the ſame ; 
that is, the Velocity with which Elaſtic Bodies re- 


| cede from each other after the Stoke is equal to the Ve- 


locity with which they approach'd. each other before the 
Stroke. Whence if x and y be the Velocities of two Bo- 
dies A and B, tending the ſame way after the Stroke, 
fince V= x, we have x+V —Y'=y; whence the 
Motion of A after the Stroke will be Qz, and that of 
B will be rr V- and the Sum of theſe Mo- 
tions will be equal to the Sum of the Motions before the 


Stroke, viz, Q + 2x + DV —2/V=QV +27, Whence 


by reducing the Equation, it will be Q#+ 9x=QV — 


DV +297; and » = s = = the Velo- 
A | 12. Again 


MECHANICS. 


ILA II. The Change of Motion is al. 
ways proportional to the moving Force in- 


preſs d. 
t 12. Again, the Velocity of B is „ T VV 
- QV—2V +22/ LY 7 2 V+ 2V ' | 


N Q＋ . 
Here we have ſuppoſed the Bodies tend the ſame Way 
before the Stroke; and it is evident from the Equation 
above, that ſo long as T2 is greater than QV, 
the Velocity * of A after the Stroke will be affirmative, 
or the Body A will move the ſame Way after the Stroke 
as before ; but when M is greater than QV T2 the 
Velocity (x) will be negative, or the Body A will be 
reflected back. #52 | 

13. If the Body B be at reſt, then Vg; and x= 
* | 

Q 


— ; which ſhews the Body A will go forwards 


or backwards, as QV is greater or leſſer than 9V, or | 
A greater or leſſer than B. 


14. If Q=3, 2=2, and V=10, and Vr; then pl. IV. 
after the Stroke the Velocity of A will be NN ig · 5 


ag and the Velocity of B will be y 


2. 
3 * 1 
. = 2 = 12, If the Bodies are both in Mo. 
ay 


_ 2 2 45 the reſt the ſame as before; then 
SS „„ y 
I = 6 = Velocity of A after the 


Stroke, and —_— L + Ed = 11 =Velocity of B Fig. 6. 


after the Stroke. | 
15. If the Bodies A and B move towards contrary 
* Parts, or meet each other, then will the Relative Ve- 
locity, to which the Force of the Stroke is proportional, 
be VV and ſo the Velocities of A and B after the 
TE Stroke will bexandxa + VTV; and fo the Motion 
| Vo. I. 3 TT of 
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preſi'd and is always made according to the. 
8 8 Line in which that Force is impreſi d. 
* AW 


of A will a Q d PEW VTO; the Sum of 
theſe Motions 1s Qz=9x + + 9 V= = FF = OV 
__ wa Motion towards the ſame Part before the 


3 22 3 
and the Velocity of B will be 2 r 
Ai e 2 


. Q 4 27 be greater than QV, the Mo- 
tion of the Body A will be backwards; otherwiſe it 
will go on forwards as before. If Q= 3 3, 22 

10, and F'=5; then will the Velocity of A be 


2 — — of = 2, and ſo the Body A 


will go back with two Degrees of Volocity. The Ve- 


wt: of B, after the Stroke, will be — . * 


17. If the Bodies are equal, that is, if Qg , tlien 
* 2 — — —- —) ; which ſhews, that when equal 
Bodies meet each other, they are reflected back with in- 
terchanged Velocities; for in that Caſe alſo the Velo- 


city of B becomes — — = V. An Example of this | 


you have in Fig. 8 of Plate IV. | 
18. If the Bodies are equal, and one of them at reſt 
as B; then ſince Q, and /=0o we have the Velo- 
city of A after the Stroke x=6; br the Body A will 
| abide at reſt, and the Velocity of B will be = V, the 
Veloeity,of A before the Impulſe, as appears by the Ex- 
ample of Fig. ; 9: 
19. If ſeveral Bodies, B, C, D; E F, are Eohtiguous 
in a Right Nw if another equal Body A ſtrike B with 


any 


MECHANICS. 


LAW III. Re-aftion is always equal and 
contrary to Action; or the Actions of two 


Bodies 


any given Velocity, it ſhall loſe all its Motion, or be 
quieſcent after the Stroke; the Body B which receives 
it will communicate it to C, and C to D, and D to E, 


and E to F; and becauſe Action and Re-action between 
the Bodies B, C, D, E, are equal, as they were quieſ- 
cent before, they muſt continue ſo; but the Body F 
having no other Body to re- act upon it, has nothing to 
obſtruct its Motion, it will therefore move on with the 
ſame Velocity which A had at firſt, becauſe it has all 
the Motion of A, and the ſame Quantity of Matter by 


Hypotheſis. 


20. Let there be three Bodies A, B, C; and let A 
ſtrike B at reſt ; the Velocity generated in B by the Stroke 


will be y = and ſo the Momentum of B wall be 
= 2y. With this Momentum B will ſtrike C 
at reſt and contiguous to it; the Velocity generated in 
C will be. and its Momentum will be D 
2QC 2 FR 4QV C * | 4 
2+C Q42 r | 

zt. If now we ſuppoſe B a variable Quantity, while 
A and C remair the ſame, we ſhall find what Propor- 
tion it muſt have to each of them in order that the Mo- 
mentum of C may be a Maximum. or the greateſt poſ- 


"WR 


Fig. 11. 


ſible, by putting the Fluxion thereof equal to nothing; 


. 4QCOV24QC2Z 2 
that 1s, <= . —. — 
Derr 

t QC — 22.= o, and fo QC=2929; conſequentl 
Q:2:: 970 or A: B:: B: C; that is, the Body 
B is a Geometrical Mean between A and C. 

22. Hence if there be any Number (x) of Bodies in 
a Geometrical Ratio (r) © wg other ; and the firſt 7 

1 2 


o; whence we 


* 
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the ſecond will be — > (for 


| the ſecond 


be nearly as 1 to 233848 


then putting. 7 


#. 
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B dies upon each other are always equal, and 


in contrary Directions: That is, by Action and 
Re- 


A, the ſecond will be r A, the third * A, and ſo on to 


the laſt, which will be u A. 


23. Alfo, the Velocity of the firſt being V, that of 
2 V 2QV 2AV 


=; that of the third TA that of the fourth 
8 


' I+r* 
* 


== and ſo on to the laſt, which will be 
1 +, ; 


4 pb 


| 


24. The 5 of the firſt will be AV, that of 


= that of the third a * that of 
IE; 


8 TAY 
1 + x | 


To give an Example; if » = 109, and r=2; 
. will che firſt Body A be to the laſt 11 A, as 1 to 
6 33825 300000000000000000000000, , nearly; and i its Ve- 
— to that of the laſt nearly as 27102 2000000000000 
to 1: Laſtly, the Momentum of the! rſt to the laſt will 


26. If the Number (u) of Bodies be r uired, and 


the Ratio of the Momenta of the firſt and laſt be given, 


as 1 to M, _ _— Ratio of the Series r given alſo; 
17 = R, we have the Ae of the 


— 1 


laſt Body expreſs'd by- TT =M= : Ret; therefore 


the Logarithm of * iS 285 to the Logarithm of R 


4d 7 | 
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* 
Re- action equal Changes of Motion are produced 
in Bodies acting upon each other; and theſe 

Changes are impreſs'd towards contrary Parts. 
Tx firſt of theſe Laws is founded on the 
the Vis Inertiæ of Matter, whereby it is in- 
differently diſpoſed to perſevere in its State of 
Motion or Reſt, It is not more evident that 
Matter at Reſt requires an extrinſic Power to 
give it Motion, than that, when in Motion, 
the Force of ſome other Body reſiſting it is ne- 
ceſſary to bring it to a State of Reſt. For 
want of ſuch Refiftance we ſee the Planets and 
Comets long conſerve their Motions undimiĩ- 
niſhed ; while moving Bowls and Wheels, are 
gradually reduced to a State of reſt, by the 
Friction or Rubbing of the Parts on which 
they move, againſt contiguous reſiſting Bo- 
dies; as is evident by the Experiment of the 
Axis in Peritrachto, moving firſt on fixed 

Parts, and afterwards on Friction- heels. 
FROM this Law, and what will be far- 
ther demonſtrated hereafter, it follows, 
that 


multiplied by the Power —1; that is, J. M = 1 


* J. R; conſequently ak I = 2, the Number of 


I. R 
Bodies required: 
H 3 


102 


Mzcnanics. 

8 Np 
that no perpetual Motion can be effected, at 
leaſt by any human Power, with Bodies in a 
reſiſting Medium, | 


By the ſecond Law we are inſtructed how 
to eſtimate the Sum of the Motions of Bodies 


moving the ſame. or contrary Ways, when they 


directly ſtrike, or impinge on each other, Alſo 
we hence learn the Compoſitton and Reſolution 
of Motion arifing from Forces impreſs'd in ob- 


lique Directions; a Doctrine of the utmoſt 
Uſe in Philoſophy, and the Foundation of all 


Mechanics, To illuſtrate this: Let the Body 
B at reſt be impell'd by the Body A in the 


Direction bc, with a Force that would, in a 
given Time, cauſe it to move from 5 to c; at 


the ſame Inſtant, let another Body C ſtrike 


it in the Direction 3 d, with a Force that will 
carry it from b to d in the ſame Time; then 


compleat the parallelogram 6c e d, and draw 
the Diagonal he, that will repreſent the Di- 
rection and Diſtance through which the Body 
will move in the ſame Time by both the Forces 
conjointly (XXIV). 


+ > Tus 


(XXIV) This is evident if we eonſider that the Force 
_ the Body C does no ways diminiſh the Ve- 
locity of a Body approaching to the Ling ce, at the End 
of the given Time, and therefore it will then be — 

. OMe» 


Fd 
— 


: 
| 


% 
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Taz third general Law is founded on 
Reaſon aud Experience: We know from 
ﬀ | the 


ſomewhere in the ſaid Line ce. For the ſame reaſon it 


will at the End of the ſaid Time be carried to a Diſtance 


from bc equal to bd, and therefore it muſt alſo at the 
ſame Moment be found ſomewhere in the Line de; but 
it cannot be in the Line ce and de at the ſame Time; 
unleſs in that Point e, where they interſe& each other, 
as the Propoſition aſſerts. 


2. We may now conceive the 3 moving by the 


ſingle Impulſe of ſome Power in the Direction be, ſuch 
as will carry it through the Space be in a given Time: 
then this may be reſolved into any other two Forces 
acting in the Directions be or de, and bd or ce, which 
Lines will alſo repreſent the Efficacy of the ſaid Forces 
in the ſame Time. _— 
3. This Doctrine of the Compoſition and Reſolution 
of Forces will be found offfwery frequent Uſe; and will 
farther illuſtrated in an Application to the Doctrine 
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of Oblique Percuſſion, as follows. Let the Body A im- Pl. IV. 
pinge on B at reſt in the Direction AC, which be- Fig. 12. 


cauſe it does not go through the Center of the Body B, 
the Stroke will not be Direct, but Oblique; and let the 
Force of the Stroke be repreſented by the ſaid Bine 
AC. -} 

4. This Force AC may be reſolved into the two 
Forces Al, and IC; the former of which being parallel 
to the horizontal Line GF, cannot affect the Body B 
at all; for the Motion in that Line would only paſs by 


the Superficies of B, and touch the uppermoſt Point a 


without any Stroke or force to remove it. ? 

9 But that Part of the Stroke repreſented by IC, 
paſſes through the Centre of B, and therefore expreſſes 
the whole Force with which the Body A ſtrikes it in 
the Direction AC. Therefore the Force of an oblique 
Stroke is to the Force of a dired Stroke, as IC t AC, 
paſſing through the Center of the Body B. 


WC 
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be equal to FD, if the Bodies A and B are N e 
t 
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the Nature of Attraction or Gravity, that 
if a Stone fall towards the Earth, the 


5 F Quantity 


6. Now fince IC=AG, we have this Analogy, The 
direft Stroke is tothe oblique Stroke, as AC to AG, ye 
3s, as Radius to the Sine of the Angle of Inclination ACG. 
W hence, it is evident, the ieſs this Angle is, the more 
oblique the Stroke, and the leſs its Force, becauſe the 
leſs muſt AG (IC) be in reſpect of AC. 

7. If the Bodies A, B, are Non-elaflic, in the Line 
GF, take CF =CG =AI, and this will be the horizon- 
tal Velocity of A after the Stroke, which will be the 
ſame as before, and ſince the whole Force IC. of the 


Ariking Body A is known, we can find (by Annot. 


XXIII. 7.) what Part thereof remains after the Stroke, 
which let be expreſs'd by FD, (taken from F to the 
Right) then drawing CD it ſhall repreſent the Motion 
and Direction of A after the Stroke, while B will go 
on towards E with the Mgtion BE generated by the 
Stroke, (which alſo may be tound as before) and will 


8. If the Bodies are Elaſfic, and B leſs than A, the 


Direction of A after the Stroke, (viz. CD) will make 


an Acute Angle with BE the Direction of B, or lie on 
the. Right of CF, If B be greater than A, it will be 
reflected ſo that CD will make an obtuſe Angle with 


CE, or lie on the left of it. But if both the Bodies are 


equal, the whole Motion of A in the Direction CE will 
be deſtroyed (by Annot. XXIII. 19.) and it will proceed 
with only the horizontal Velocity in the Direction CF, 
making a right Angle with CE, the Direction of B. 

9. If two Bodies A, B, in Motion, impinge on each 
other in the Point C in the oblique Directions AC, BC, 
theſe are each reſolvable into two, viz. AE and EC, 
and BD and DC. | Now ſince EC and DC are paral- 
lel. they cannot obſtruct each other, ſo will be the ſame 
after the Stroke as before it. But A and BD, being 
oppoſite, will expreſs the Forces with which the Bodies 


ſtrike each other directly, and may be found by the 
Rules above delivered. | 


7 


. 
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Quantity of Motion both in the Earth and 
Stone is the fame, That the Iron attfacts tliè 
Loadſtone with an equal Power of Magne- 
tiſm, is evident by Experiment. That Action 
and Re-affon are equal between impinging 


Bodies, or that the fame Quantity of Motion 


that is generated in one Body is deſtroy'd 
in the other by the Stroke, whether the Bo- 


dies be elaſtic or non-elaſtic, will alſo be 


made apparent to the Senſes by Experiment. 
Whence alſo it will appear, that the Action 
or Effect of elaſiic Bodies. is twice as great, 
as that of Bodies void of Elaſticity (XXV. ) 


 FroM 


10. If then we make CES = CE, and CD=CD : Allo 
CG = Motion of A after the Stroke, and CF Motion 
of B, and compleat the Parallelograms EG, and DF, 
their Diagonals CA and CB will be the Directions, 
and * the Velocities A and B after the Stroke. 
This Conſtruction is general, and may be accommodated 
to particular Caſes, varying with the Magnitudes and 
Velocities, &c. of the impinging Bodies. | 

(XXV) Let GG of Matter in the Earth, 
and V =the Velocity with which it moves by Attraction; 
and let q and v denote the ſame Things in the falling 

Stone; then ſince the Earth and Stone act mutually on 
each other by Attraction, the Velocity of each, and 
conſequently the Spaces they deſcribe in the ſame Time, 
will be as the Power acting on each Body, which there- 
fore will be inverſely as the Quantities of Matter in 
each: Conſequently Q:q::v:V; and fo QMM gg, 
or the Momentum. of the Vai b equal to that of the 
falling Body. 5 


2. In 
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Fnac this Law we have a Solution of 
Avers Phenomena otherwiſe not to be ac- 
* 1 | * F e, 


2. In like Manner, when a Horſe drawg a Stone, the 
Cord being equally ftretch'd between both, acts equally 
upon both, and that which has leaſt Reſiſtance yields; 
and is drawn along. This is uſually the Caſe of the 
Stone ; but if its Weight be increaſed, and therewith 
its Reſiſtance, till it be equal or greater than that of the 
Horſe, then neither Horte nor Stane will move; unleſs 
the Stone be laid on a Deſcent, and then it will move 
the contrary Way, and draw the Horſe after it. 

3. In the ſame Manner we may underſtand how 
Rowing Swimming, Flying, Sc. is performed; for the 
Boat, the Fiſh, and the Bird, are Bodies eaſily move- 
able with the leaſt Impetus, but the Water and Air in 
which they move, though fluid Bodies, yet give great 
Reſiſtance to others which ſtrike them, or re- act with 
an equal Force, in a contrary Direction; and by this 
Means impel the Boat, the Fiſh, and Bird in a Direction 
nearly contrary to that in which they ſtrike it, and with 
an equal Force. | | wt. 

4. Merſennus tells us a Cannon 12 Feet in Length, 
weighing 6400 Jb. gives a Ball of 2416. an uniform Ve- 
locity at the Rate of 640 Feet per Second. Put w=6400, 
w 24, v=0640, v=Velocity, with which the Cannon 
regoils. Now fince the Momentum of the Cannon and 


Ball are equal, we have wv = wv, and fo v» = — 


640 * 24 
0400 
it would recoil at the Rate of 25% Feet per Second, if 
free to move, : | | 

5. But if the Cannon be fix'd, it will receive a Shock 
or Preſſure from the expanſive Force of the Powder, 
equal to the Preſſure of a certain Weight, which Weight 
may thus be found. As the Powder conſtantly acts on 
the Ball while in the Cannon, it will drive it along 
| with 


= 2,4, the Velocity of the Cannon; that is, 


5 Vol. LE 196. 
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counted for: As, why ſoft and unelaſtic 
Bodies retain the Impreſſions of others, 
| while 


with an accelerated Velocity, which accelerated Velo- 
city will produce an uniform Velocity of 24 Feet in the 
ſame Time (as we ſhall ſhew hereafter) when free from 
the Cannon. And fince the Ball goes at the Rate of 


640 Feet per Second, it will paſs over 24 Feet in 285 
of a Second, which therefore is the Time of its paſſing 
thro' the Cannon. | | 
6. Now fince in accelerated Velocities the Spaces 
paſſed over are as the Squares of the Times, therefore 


a3 7 Ti] or as 1“ is to 267 (=7113) ſo is 12 
z | 
Feet to 85332: Feet, which the Ball would be carried 
through in one Second by the accelerating Force of the 
Powder. | 7. 
7. But ſince the accelerating Force of Gravity gives 
the Ball a Weight of 24 Pounds, the greater accelerating 
Force of the Powder will give it the Force of Weight 
=12800 Pounds. For the Weights of Bodies are as 
the accelerating Forces, and theſe are the Spaces paſſed 
through in the ſame Time; therefore 16 F.: 2416. : : 
853355 F. : 1280016. as required. + 
. But if the Cannon * free to recoil, Part of this 
Force will be ſpent in giving it a Velocity of 2, 4 Feet in 
a Second, and to find what Part of the whole Weight 
12800 Pounds; that is, we are to conſider that as the 
whole Force produces a Velocity of 640 Feet in a Se- 
cond one Way, ſo when the Piece recoils, this Mo 
is divided into two Parts in contrary Directions, vis. 
into 640—2,4 and 2,4; the whole Force therefore of 
12800 Pounds muſt be divided into Parts of the ſame 
Proportion; thus, as 640—2, : 2,4 : : 657,6 : 2, 4: 
79] : 3: : 128600—x:x:: 797 +3 (X00). 24:2 8 
2800 : x=48 Pounds. Wherefore of the 12800 Pounds 
only 48 are ſpent for giving a Recoil to the Cannon, 
the other 12772 Pounds ſpent themſelves in Preſſure on 
the Gun and Ball, giving it a Velocity of 637,6 Feet 
per Second, | 


Mzcnanics. | 

while hard and elaſtic Bodies rebound with t 
equal Force, and under equal Angles, Hence, ( 
the Reaſon of Rowmg with Oars, and the 
Sewimming of Fiſhes in Water; alſo the Flymg 

of Birds in Air ; the Recoiling of Guns ; the 


t 
retro-vertiginous Motion of the Æolipile; the 
Hydroſiatic Paradox; and many other Things { 

; 

g 


hereafter! occaſionally mentioned, are account- 
able for on this and no other Principle, 0 
WI proceed next to conſider the Nature of 
Motion belonging to Bodies which deſcend freely 
by the Force of Gravity in Vacuo, or an un- t 
reſiſting Medium: And this Kind of Motion 
we ſhall find affected with the following Pro- t 
perties, viz. (I.) That it is equably acce- . 
lerated. (2.) That its Velocity is always 
{ 
f 
f 
1 
( 
! 


proportional to the Time of the Fall. (3.) 
That the Spaces paſſed through are as the 
Squares of the Times or Velocities. And 
therefore, (4.) That the Velocity, and con- 
lequently the Momentum, which 18 propor- 
3 tional thereto, is as the Square Root of the 
Jtgace deſcended through. (5.) That the Space 
paſſed through the firſt Second is very nearly 
16 Feet. (6) That a Body will paſs 
over twice the Space in an horizontal Di- | 
rection, with the laſt acquired Velocity of 
the | 


3 
| Mzcnanic's. 1009 
7 the deſcending Body, vin the fame Time 
(XXVI). 1 e 


Hence 


fm 


(XXVI) 1. It has been ſhewn (Aunot. XXI.) chat 
the Motion of a Body falling freely by its Gravity is 
equably accelerated; and that its Velocity is at all Diſtances 
ee to the Time of the Fall, is evident from 

ence, that in every equal Particle of 'Time, the Body 
receives an equal Impulſe from 3 which gene- 
rates an equal Increment of Velocity; which, therefore, 
as it increaſes with, muſt alſo be proportional to the 
Times. | £ 

2. That the Spaces paſſed thro are as the Squares of the 
Times or FVilocities is hence evident, that if the Time of 
the Fall thro' a certain Space be repreſented by A r, 

and the Velocity acquired in the End of that Time be 
a” 1a; then drawing Aa, the Triangle K. will repreſent 
5 the Space paſs d thro” in that Time Fer if we conceive Pl. III. 
the Line A 1 to be divided into an infinite Number 


PF ) oa. Ro  - 


of Fig. 5. 
4 equal Parts, and thro' each of theſe Diviſions Lines 
8 drawn parallel to 1 4, theſe will repreſent the Velocities 
in the ſeveral Particles of Time. Now the Space de- 
) {cribed in each Moment will be as the Velocity (becaufe * 
e for a Moment the Velocity may be conſidered as uni- 
form) conſequently the Sum of all the Spaces deſcribed 
d in the Moments in the Time A 1, will as the Sum 
55 of all the Velocities, or Lines parallel to 14, which re- 
5 preſent them: But the Sum of all theſe Lines make 
5 the Area of the Triangle Ala, therefore the whole 8 
e aſs'd thro' in the Time Ar will be as the Area of the 
Triangle A164. 4 | 5 
e 3 Therefore the Triangle A2b repreſents the Space 
| paſs'd thro' in the Time Aa, and the Triangle Ae the 
y Space paſſed thro' in the Time Age and ſo on, But 
s the Triangles Ala, Az6, Sc. are fimilar, and there . 
* fore are to each other as the Squares of their Sides A1, 
i Aa, or 1a, 25, Sc. That is, The Spaces are as the 
f Squares of the Times or Velocities, 5 | 
4. Conſequently the Velocities and Times of the Fall are 
e as the Square Roots of the Spaces paſs'd thro); and m_ 
8 1 rae 


* 
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Hanes it follows, that if one Leg AB 
of a right-angled Triangle repreſent the 
8 We Time 


the Momentum of a Body is always MON, and in 


this Caſe Q being a given Quantity, we have M: V, 
or the Momentum of the Body as the Velocity, or as the, 


Square Root of the Height thro' which the Body falls. 

5. It has been found by very accurate Experiments 
made by letting Bodies of various Sorts fall from the 
Height of the Dome of St. Paul's, to the Pavement, 


that Gravity accelerates Bodies in the beginning of their 


Fall, at the Rate of 16, 13 Feet in the firſt Second of 
Time. This may alſo be otherways ſhewn a priori, 
becauſe we demonſtrate that the Time (T) of the Vi- 
bration of a Pendulum (in the Arch of a Cycloid) is to 


the Time (:) of a Body's falling thro* Half the Length, 


of the Pendulum (L) as the Circumference of a Circh 
(P) to the Diameter (D). Annotat. XXVIII. 


| ) 
56. Again, it is found that the Length of a Pendulum 
_ vibrating Seconds is 39,2 Inches. Now ſince T :t: : 


% 


Pl. III. 
Fig. 5. 


P: D: 3, 14159: 1, we have T*:# :: 314159“: 11 :: 
x : IL; whence we have x=IL x 3,14159*=16 Feet 
the Space deſcended in the Time of one Vibration, or 
x Second. | FS; 

7. Since the Space paſs'd thro* by an uniform Motion 
in the Time AB with the Velocity BC is AB x BC= 
ABCD=2ACB; it is evident that a Body moving uni- 
formly with the laſt acquired Velocity BC of a deſcending 
Body, will move thro twice the Space in the Time AB of 
the Fall. 

8. It is farther evident, that ſince the Spaces deſcended 


chro- in each Second are as the odd Numbers, 1, 3, 5, 


9, 11, 13, 15, Cc. and theſe Numbers conſtantly ap- 
proach nearer and nearer to an Equality, ſo the accele- 
rated Motion of the Deſcent does by 4 approach 


nearer and nearer to an uniform Motion; thus the 
Spaces 101, 103, 105, differ but little; and the Spaces 
1001, 1003, 10055, differ leſs; but when we come 

_ to 


— \ 9 


D. 35S 


curved Surfaces, which we find diſtin 


8 
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Time of the Fall, and the other Leg BC the 


Velocity acquired at the End of the Fall; 


then will the Atea ABC of #* Triangle 
repreſent the Space paſſed thr 
hence the Sens deſcended eo at t 


ugh. And 


End of every Second will be as the Square 


Numbers 1. 4. 9. 16. 25. 36. Ge. and 
therefore the Spaces paſſed . in each 


Second ſeparately will be as the d Num- 


bers 1. 3. 5. 7. 9, 11. 13. 15. Sc. as in 
the Figure. 


Tur next Sort of Motion is that of Bo- 
dies deſcending on inclined Planes, and 
guiſh- * 
ed with the following Properties. (1.) 
The Motion on the inclined Planes is equa- 


bly accelerated, as ariſing from Gravity. 


(2.) The Force of Gravity compelling a 
Body, as A, to deſcend on an inclined 


Plane BD, is to the abſolute Force of Gra- ** V. 
vity as the Height of the Plane BC to its Fig. 1. 


Length BD. ( 3-) The Spaces deſcended 


are 


to. the Spaces 1000000007, 1000000003, IC00000008, 
theſe are ſo very near equal, that the Motion may now 


be eſteemed uniform. 
9. If the Deſcent be in a dine Medium, the Mo- 


tion will actually become uniform at a certain Diſtance, 


and the ſooner as the Medium is denſer; thus a Body 
falling in Air will be longer in 3 an uniform 


Motion 


— / 


1 
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are as the Squares of the Times. (40 


come to an uniform Motion as the Magnitudes are leſch 
ſer; for it is ſhewn (in Geometry) that the Quantities 


The Times in which different Planes, BD, 
BH, of the fame Altitude BC, are paſſed 
over, are as their Lengths reſpectively. (5. 
The Velocities acquired by deſcending 
| Uhrough ſuch Planes at the loweſt Points, 
DH, are all equal. (6.) Therefore if a 

$7 7 Body 


Motion than in Water, and in Quickfilver it will ſoon 
obtain it; becauſe as the Denſity increaſes, ſo does the 
Refiſtance, and conſequently the Increments of Velocity 
are annihilated” in the ſame Ratio, and the Motion re- 
duced to Uniformity, | 

10. Bodies of the ſame Matter and Figures will ſooner; 


of Matter decreaſe in Bodies with the Cubes of the Dia- 
meters, but the Surfaces decreaſe only with the Squares 
of the Diameters. And fince the Reſiſtance is propor- 
tional to the Surfaces of Bodies, moving in the ſame 
Medium with the ſame Velocity; it will follow that 
ſmaller Bodies will be more reſiſted than larger ones, 
and ſo come ſooner to an uniform Motion. Hence it is, 
that a Body reduced to Powder deſcends very ſlowly and 
with nearly an uniform Motion in Water, tho” in the 
Solid much heavier than Water. Alſo a Bullet ſhot 
from a Gun will go much farther and with a greater 
Velocity than a Charge of ſmall Shot of the ſame 
Weight, or a Ball of Cork of the ſame Size, which in 
Vacuo would go much farther than the Bullet, as admit- 


ting a greater Velocity with a leſs Quantity of Matter, 


from the fame Momentum of the Powder. 

11. If Bodies (equal and homogeneous) move in the 
fame Medium with different Velocities, thoſe which 
move faſteſt will ſooneſt acquire an uniform Motion, 
ſince (as will be ſhewn) the Reſiſtance in ſuch a Caſe 
increaſes with the Squares of the Velocity. If the Ve- 
locity with which a Body is projected downwards — 
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| Body deſcends from the ſame Height through 


ſeveral contiguous Planes, ever ſo different in 


Number or Situation, it will always acquire 
the ſame Velocity in the loweſt Point. (7.) 


The Times or Velocities of Bodies deſcending 
through Planes ſimilarly ſituated, or alike in- 
clined to the Horizon, as DB, EC, will be as 


the Square Roots of their Lengths DB, EC Fig. 2. 


- 


„ 57 | 
22 | From 


equal to the uniform Motion of 2 free Deſcent, the Mo- 
tion will be every where uniform, becauſe the Refiſtance 
of the Medium is equal to Gravity. But if a Body (as 
a Ball from a Cannon) be projected with a Veloci 

greater than that, the Motion will be retarded, inaſ- 


much as the Refiſtance is now greater than Gravity, and 


ſo will diminiſſi the uniform Motion, ariſing from the 
Equilibrium juſt mentioned. 8 * 
12. Hence light Bodies (as an Arrow) thrown di- 
realy upwards, ſpend leſs Time in riſing than falling, 
becauſe the Motion upwards is altogether retarded, 
whereas that of the Deſcent is in ſome Part uniform. 
Alſo the greater the Velocity with which a Body (as a 
Bullet) enters a denſe Medium (as Water) the leſs the 
Effect at a given Diſtance therein; and with the greater 
Force they are reflected or thrown out again, when 
projected obliquely, as we ſec in a Stone thus thrown 
into the Water, Sc. . ! 
(XXVII) Let BD be an inclined Plane, A a Body 
deſcending thereon ; from the Centre C draw CE per- 
3 to the Plane, and CG perpendicular to. the 
orizon or Baſe: CD, and meeting the Plane in F. 
Now fince the Body gravitates in the Direction CE, let 
CF repreſent the We, ht of the Body or abſolute Force 


of Gravity; this may be reſolv'd into two Forces, act- 
ing in the Direction CE and EF, of which the firſt is 
perpendicular to the Plane, and is that by which it 

9 preſſes 
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From theſe Properties of Bodies deſcend- 
ing, on. inclined Planes, we deduce the fob 
lowing Corollaries, vis. (I.) That the 
Times in which a Body deſcends through 


the 


preſſes or acts upon the Plane; but ſince the Plane 


equally acts upon the Body in a contrary Direction, that 
Force CE is wholly deſtroy' d. The Remainder there- 
_ fore, EF, is that which carries the Body down the Plane, 


as acting in a Direction parallel thereto ; and this is 


called the relative Gravity. - 


2. Now becauſe of the fimilar Triangles CFE, 
DFG, DBC, we have CF: FE : : DF: FG : : BD: 


BC; that is, the ab/olute Gravity CF is to the Reſidual or 


Relative Gravity FE, as the Length of the Plane BD to 


the Height thereof BC. 


3. Alfo fince the Triangles BDC and BCI are ſimi- 
lar (CI being drawn perpendicular to BD); and ſince 
the Spaces deſcribed in the ſame Time in the Perpen- 
dicular and on the Plane will be as the Powers of Gra- 
vity, or accelerating Forces in thoſe Directions, that is, 


as BD to BC, or as BC to BI (for BD: BC: : BC-: 


BI). Therefore BI will be the Diſtance deſcended on 


the Plane in the ſame Time as a Body would deſcend 
freely in the Perpendicular from B to C. 

4. Since the Motion on the Plane is accelerated, the 
Time of deſcribing BI will be to the Time of deſcribing 


BD, as „I: BD: : 7: T; and ſog? : T*: 2 BI: 


BD; but, (becauſe BI : BC : : BC: BD) we have BI : 
BD : : BI* : BC*; therefore *: T* : : BI* ; BC; and 


ſo t: T:: BI: BC:: BC: BD; conſequently the Time 
of deſcribing BI or BC will be to the Time of deſcending 
through the Plane BD, as the Height of the Plane BC to 
its Length BD. | | 7 


. Hence the Time (T) of deſcending through any 


other Plane BH of the ſame Height (Fig. 6.) is to tlie 
Time (t) of the Deſcent through the Perpendicular BC, 
as BH to BC; that is, T: ::: BH : BC; but it is alſo 


o : BC; therefore ex quo, we have T 3 By 
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the Diameter BC, or any Chord BE of a 
Circle, are equal, Hence, (2.) All the 
chords of a Circle are deſcribed in equal 
Times. (3.) The Velocities acquired in 
| | deſcending 


X BD : BH; or the Times of deſcending through ſeveral 
Planes BD, BH, of the ſame Height, are as the Length 
of the Planes. 8 | 

6. The Velocity required in falling to C, is to the 
Velocity at I as BC to BI, (for the Velocities generated 
in the ſame Time, muſt be as the Powers which pro- 
duce them). Alſo the Velocity at D is to that at I as 


ED to the HBI; or V: :: „BD: HII; and 


BC: BI; ſince then the Velocity at C and D have both 
the ſame Ratio to the Velocity at I, they muſt be equal 
to each other. | | | | 

7. In the ſame Manner it is ſhewn that the Velocity 
at H is equal to the Velocity at C; and conſequently the 
Velocities acquired in deſcending through inclined Planes 
of the ſame Height are always equal, 

8. Hence a Body deſcending through ſeveral inclined 
Planes AF, FE, ED, contiguous to each other, will 
have the ſame Velocity at the Point D, as it would 
have acquired in falling freely through the ſame per- 
pendicular Height BC, for the Velocity at F is the fine 
it would have had by deſcending through GF, which has 
2 the ſame Altitude; and the Velocity at E is the ſame 
4 it would have gained by deſcending through BE; conſe- 
* auently the Velocity of D is the ſame it would acquire 

by deſcending through BD; and therefore the ſame it 
2 would have by falling freely thro' the Perpendicular BC. 


9. If now we ſuppoſe the Number of thoſe conti- 
guous Planes infinite, and their Lengths infinitely ſmall, 
* they will then conſtitute a Curve Line; whence it fol- 


xn lows, That a Body deſcending through the Arch of any 
170 Curve BH will acquire the ſame Velocity in the loweſt 

Point H, as it would have at C, by falling through the 
). ame perpendicular Height BC. | 


I 2 | 10. Tf 


fo V* : N:: BD: BI:: BG: BI; therefore V: T:: 
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Pl. VI. 
Fig. 3. 


PI. V. 


Fig. 1. 
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deſcending through any Arch of a Circle 
EC, in the loweſt Point C, is equal to that 
which would be acquired in falling through 
the ſame perpendicular Height FC. (4.) 
The Velocities acquired in deſcending thro' 
the Chords IC, EC, of a Circle, are, at the 

; loweſt 


10. If there are two Planes, BD and CE, fimilarly 
ſituated, or alike inclined to the Horizon AE; the Time 
of the Deſcent on DB, will be to the Time of the De- 
ſcent on CE, as Square Roots of their Lengths; for 
the Time on BD is to the Time through. BA, as DB to 
BA (by Art. 4.) and the Time on CE is to the Time 
thro' CA, as CE to CA; but the Times thro' BA and 
CA are as the Square Roots of BA and CA; and fince 


by fimilar Triangles we have BA: O:: BD: 


„E, it follows, that the Times of Deſcent on two fimi- 
lar Planes DB and CE are as the Square Roots of their 


Lengths, or as BD to VE. | % 

11. From what has been demonſtrated in the preceed- 
ing Articles, it follows, (1.) That the Times of Itcend. 
ing from B to 1, and to E, are equal, being each equal 
to the Time of Deſcent through the Perpendicular 
BC. (2.) For the ſame Reaſon the Deſcent thro” IC 
and EC, and conſequently through all the Chords of 2 
Circle, are equal. (3.) The Velocities at C acquired 
by the ſaid Deſcents are as the Lengths of the Chords 
IC and EC. For ſince BC: EC:: EC: CF, we have 


"PAs: > "pal | 32 
BC = Fe and for the ſame Reaſon BC = GO 


oe es, 
whence Te = 565 and therefore IC £ 


boese e Velocities is. e 


{cents thro' IC and EC. (4.) Laſtly; ſince the Times 
of Deſcent through the Planes DB and EC are as 


SS DB to ECT, they will alſo be as B to CK: 
for DB 5 BA”: CA. N * * 


\ 
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loweſt Point C, as the Eengths of . thoſe 


Chords. (5.) The Times of Deſcent through 
Chords of ſimilar Arches DB, EC, are as the 


Square Roots of the Semidiameters AB, AC, 
of the reſpective Circles. 


' FroM theſe Properties, and their Corol- Pl. V. 
laries, the Doctrine of PENDULUMs is de- 
rived. A PENDULUM is any Body B, ſuſ— 


pended upon, and moveable about a Point A, 
as a Centre. The Nature of a Pendulum 
conſiſts in the following Particulars. (1. ) 


The Times of the Vibration of a Pendulum 


in very ſmall Arches are all equal. (2.) The 
Velocity of the Bob in the loweſt Point 


will be nearly as the Length of the Chord 


of the Arch which it deſcribes in the De- 
ſcent. (3.) The Times of Vibration in dif- 
ferent Pendulums, AB, AC, are as the Square 
Roots of their Lengths. {(4:) Hence the 


Lengths of Pendulums AB, AC, are as the 


Squares of the Times of their Vibrations. 


(5.) The Time of one Vibration is to the 


Time of Deſcent through half the Length 


of the Pendulum, as the Circumference, of a 
Circle to its Diameter. (6.) Whence the 


Length K Pendulum vibrating Seconds will 
be found 39 Inches nearly; and of an Haf- 


1 3 3 Second 


117 


118 


Fig. 4. 
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Second Pendulum 9,8 Inches. (7.) An 
uniform homogeneous Body BG, as a Rod, 
Staff, &c. which is one third Part longer 
than a Pendulum AD, will vibrate in the 
ſame Time with it (XXVIII). (8.) This 


Centre 


(XXVIII) 1. As the Doctrine of Pendulums and 
Time- keeping Inſtruments depends in a great Meaſure 


* 


3 the Cycloid, I think it neceſſary here to ſhew the 


Nature and Uſe of that Curve, with regard thereto. If 


a Circle ABC, infiſting on a right Line AL, begin to 
revolve in the Manner of a Wheel, from A towards L, 
the Point A will by its twofold Motion deſcribe the 
Curve ACDIL, While the Circle makes one Revo- 
lation from A to L. | 


2. This Curve is called the CycLorD, and from the 


Definition 'tis evident (1.) That the Baſe of the Cy- 


cloid AL is equal to the Periphery of the generating 
Circle ABC. (2.) The Axis of the Cycloid FD is 
equal to the Diameter of the ſaid Circle. (3.) That 
the Part of the Baſe KL is equal to the Arch of the 


Circle IK. (4.) Therefore KF (=ME=IG) is equal 


to the remaining Arch IH, or GD. (5.) That the 
Chord of the Circle KI is perpendicular to the Cycloid 
in the Point I; and (6.) Therefore the Chord HI 
(being at right Angles with IK) is a Tangent to the 
Curve in the Point I. (.) The ſaid Tangent HI is 
parallel to, the Chord DG. WY 

3. Parallel to EI draw ei infinitely near. and Ir 
perpendicular thereto ; then will the Triangles DGE, 


DGF, Ini, be ſimilar, and fo we have DE: DG : : DG: 


L. 


DF : : In: Ii; that is, (putting DF ga, and DE = x, 


5 42 „ ? ax 
. 21 = 


| vow 


Fluxjon of the Arch DI, whoſe Fluent is 2Vax = 
2DG=the' Arch DI; and conſequently, the Semicycloid 
DIL=2DF, the Diameter of the generating Circle. 


4. Let 


— 5A — -- — Av © 
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4. Let AID be a Semicycloid inverted; and ſuppoſe Fig. 5. 


a flexible String faſten'd at one End in A, and ſtretch'd 
along the ſaid Curve AD, ſo that the other End of the 
String ſhould be made to coincide with the Point D; 
whence the Length of the String will be equal to that 
of the Curve: If now the End of the String be taken 
from D, and with a tight Hand be drawn from the Cy- 
cloid, it will inits Evolution, deſcribe the Curve DBC, 
the Nature of which we are now to inveſtigate. | 
1 Let the String, in evolving, be in any Situation 
AIHB, then 1s IB (called the Radius of Evolution) equal 
to the Part of the Cycloid ID. Put FD=AK =a, DE 
S CO=y,CB=z, then is 1 , Ba=Op =. 
Bb=z; and (by Art. 3.) DI (IBSS) 24/ax, whoſe 


Ca” 


x | p ; pk 
Fluxion is x = Ii; therefore x K y — == 


_ — : x A x x? ＋— 


— m 


(a — x 


; and II: 21 :: IB: MB = ax; therefore 


BM BN = MN = IQ = ED =x. Conſe- 
quently BHS HI; and alſo CK K A, becauſe all 
the Radii of Evolution (of which AC is the laſt) are 
biſected by the baſe LD; therefore CK - OK = 


| a—s OCS i, whence vy = vVa=s, and a z= 


* — 
ade. L; therefore z = 2 /@y; conſequently the 


* 
9 
Curve CBD, having the ſame Property with AID, is 
every Way equal and ſimilar thereto. 

6. Whence it appears that if AC be the Length of a 
Pendulum ſo diſpoſed, as to vibrate between the two 
Semicycloids AD and AL, the Bob will deſcribe in its 
Motion the Cycloid DCL. The Properties of which 


Motion will now eaſily * For with reſpect to the 


4 Velocity 


; but IA: II:: ca: B:: 4 B: BUS AA 
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Velocity acquired by deſcending thro' any Arch RC or 


BC, it is always as / OC which is as the Chord 
SC=IRC; conſequently be Velocity at C' is every 
where as the Spare paſſid through, or as the Arch of the 
Cycloid deſcribed in the Deſcent. 1 
7. But fince it is always Sz TV, in all Kind of 
Motions ; if in any Caſe 8 be as V, tis evident T muft 
be a given Quantity, or always the ſame, That is, 
When the Spaces (S, 5,) are as the Velocities (V, v,) 
the Times (T, t,) will be always equal; and therefore 
all the Arches of a Cycloid, great or ſmall, are deſcribed in 
equal Times. | | 
8. If we put CK =a, KO=y, then will 2SC= 
RC = 2Vaa—ax; if thu Deſcent be from L to R, the 


Velocity at R will be #/ x = / OK. Now CO: 
CS(::CS:CK) : : Rq : Rr — = E, the 


aa - ax 
Fluxion of the Arch L R, which divided by the Velo- 
city 4/ x gives the Fluxion of the Time =- -*» IG. 
| + aax a x 


2 KS 
7 


the Time of Deſcent through LR is the Arch 


wherefore when $ coincides with C, LR will become 


LC; and fo the Time of Deſcent through the Semicy- 

cloid. will be aan | | 

; | - | * a ; | | , | 

9. Therefore the Time of Vibration thro' the whole 

Cycloid LCD is 55 KSO -. and the Time of Deſcent 
| p wal 


thro! the eue en KC = a, being as 2 Ma, we 
4K — 
have —.— : 29 4 :; 2K SC; a, The Time of a 
a . . 


: 
4 


Vibration 


eee 


rern 
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Vibration in the Cyclaid is the Time of Deſcent through. 
Half its Length, as the Circumference of a Circle to its 
Diameter, or as 3,14159 to 1. N 

10. If AC be the Length of a Pendulum vibrating 
Seconds, it may be eaſily found, fince it is known b 
moſt accurate Experiments, that a Body deſcends freely 
by Gravity through 1931 Inches in the firſt Second of 
Time; therefore by making this Analogy, as 3,141 59“ 
1 955 19,6 = AK, and fo AC = 39,2 Inches, 
the Length of a ſecond Pendulum, as required. And fince- 
the Lengths are as the Squares of the Times of Vibra- 
tions, we have 4:1: : 39,2: 9,8 Inches, the 
of an half-ſecond Pendulum. 1 1 

11. Since the Length of a Pendulum AC, for vibrat- 
ing Seconds, is ſo conſiderable, the Bob without the 
Cycloidal Checks AL and AD, will indeed deſcribe the 
Arch of a Circle, as F/ Ce, when it vibrates, but then 
this circular Arch will, for ſome Diſtance en each Side 
the loweſt Point C, coincide with the Cycloid very 
i nearly; as for Example, to g and 5; and hence it fol- 

lows that a common Pendulum, vibrating through wit | 

ſmall Arches g h will perform all its Vibrations in equz 


vP 


r Times. And hence the above-mentioned Cycloidal 
Checks came into diſuſe. f 
1 12, Hence the Time of Deſcent through the Chord 
Cy is to the Time of Deſcent through the Arch of the 
f Circle or Cycloid belonging to it as 4 (ſuppoſing N 
; AC=2a) to ==; ras 2 t B, that is, as a to | 
0 | 


$ 7 SEL = ©,7854, or as 1 to o, 784, which is 


the Proportion of a Square to its inſcribed Circle. 

13. In all that has been hitherto ſaid, the Power of 

8 Gravity has been ſuppoſed conſtantly the ſame. But if 

the ſaid Power varies, the Lengths of Pendulums myft 

t vary in the ſame Proportion, in order that they may 

vibrate in equal Times; for we have ſhewn that the 

8 Ratio of the T imes of Vibration and Deſcent through 

half the Lengths is given, and conſequently the Times 

7 of Vibration and Deſcent through the whole Length is 
given: But the Times of Vibration are ſuppoſed — 

1 by theres 
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Centre of Oſcillation E in the Rod, is alſo 
the Centre of Percuſſion, or that Point' in 


which the Force of the Stroke is the greateſt 


_ poſſible (XXIX). 


Pl. VI. 
Fig. 6. 


therefore the Times of Deſcent through the Lengths of 


the Pendulums are equal. But Bodies deſcending thro' 


unequal Spaces in equal Times are impell'd by Powers 
that are as the Spaces deſcribed, that 1s, the Powers of 
Gravity are as the Lengths of the Pendulums. See Annot. 
XXVII. Art. 2 and 3. | 

(XXIX) 1. If AB be an uniform Rod vibrating 
about the Point A, the Velocities of every Point D, C, 
B, will be as the Arches DE, CF, BG deſcribed in 
the ſame Time; but thoſe Arches are as AD, AC, 
AB; conſequently the Velocity of every Point is propor- 
tional to its Diftanee from the Centre of Motion A. 

2. Therefore if x repreſent the Length of the Line, 
it will repreſent alſo the Sum of all the Velocities, of 
which + will be the Fluxion; therefore xx will be the 


Fluxion of the Momenta, and ſo the Fluent * will be 
2 ; 
the Sum of all the Momenta, which divided by the 


Quantity of Matter will give _ for an Expreſſion of 


all the Velocities on each Side the common Centre of 
Gravity of all the Points, which therefore is in the mid- 


dle Point of the Line A B. | 

3. In regard of ſtriking an Object, the Momentum of 
each Particle will be increaſed in Proportion to its Ve- 
locity and Diſtance from the Center-A, and this is call'd 
the Force of the Particle; therefore if the Fluxion of 


the Momenta xx be multiplied by the Velocity x, the 


Product xxx will be the Fluxion of the Forces of all 
the Particles: The Fluent of which 5 will be the Sum 
of al] the Forces, which divided by 4 Sum of all the 
Momenta = will give 5 x = Diſtance of the Center of 


Forces from the Point A, In this Center C, therefore, 
22S the 


* 
. 
71 
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'FroM theſe Properties of the Pendulum 
we may diſcern its Uſe as an univerſal 
CHRONOMETER, or Regulator of Time, as 
it is uſed in Clocks and ſuch>like Machines. 
By this Inſtrument alſo we can meaſure the 
Diſtance of a Ship, by meaſuring» the In- 
terval of Time between the Fire and the 


Sound of the Gun; alſo the Diſtance of a 


Cloud, by numbering the Seconds or Half- 
Seconds between the Lightning and Thun- 
der. Thus, ſuppoſe between the Lightning 
and Thunder we number 10 Seconds; then, 


becauſe Sound paſſes through 1143 Feet in 


one Second, we have the Diſtance of the 
Cloud equal to 11420 Feet. Again; the. 


Height of any Room, or other Object, may 
be meaſured by a Pendulum vibrating from the 


Top thereof. Thus, ſuppoſe a Pendulum 
from the Height of a Room vibrates once in 


three Seconds; then ſay, As 1 is to the 
Square 
the Force of all the Particles will be united, and conſe- 


e this Point, and no other, will ſtrike with the 
'orce of the whole Rod, which is therefore called the 


Center of PERCUSSION. 


4. This Point is alſo the Center of Oſcillation or V- 


- bration ; for ſince it ſtrikes with the Force of all the 
Particles in the Line AB, it will move in the ſame © 
Manner as if all the Particles were in that Point gol- 
lected together, that is, it will oſcillate or vibrate in the 


lame Time with a ſingle Pendulum, whoſe Length is 
equal to that Diſtance, viz. 3 of AR, | 
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Square of 3, vis. 9, ſo is 29,2 to 352,8 


Feet, the Height required, Laſtly, 'by the 


Pendulum ' we diſcover the different Force 


of Gravity on diverſe Parts of. the Earth's 


Surface, and thence the true Figure of the 
Earth (XXX). | 


THE 


- (XXX) 1. Since it is found by Experiment, that a 
Pendulum under the Equator vibrating Seconds is ſhorter 
by pg of an Inch than ſuch a one in our Latitude; it 
follows, that the Gravity under the Equator is to the 
Gravity with us, as 391 to 392; as being propor- 
tional to the Length of the Pendulums (Annotat. XVIII. 
Art. 13.) Whence it is evident the Surface of the 


Earth is farther diſtant from the Center under the Equa- 


tor than in our Latitude, and therefore is not ſpherical. 
What the true Figure 1s, and whence jt proceeds, will 
be ſhewn hereafter. 

2. To the Uſes of a Pendulum above-mentioned ma 


bs added another moſt conſiderable, viz. That a Pendu- 


lum is an univerſal Standard of Meaſure, becauſe the 


'Length of any Pendulum is known by the Time of its 
Vibration; and therefore may be compared with the 


Length of a Second Pendulum as a Standard. Thus 
ſuppoſe a Japoneſe was enquiring the Length of the 
Engliſh Foot, and was told it made 100 Vibrations in 


the Time a Second Pendulum made 55, he would im- 


mediately know the Time of a ſingle Vibration in èach 
muſt be eng as thoſe Numbers, vix. as 55 to 100; 
and then, that the Lengths of thoſe Pendulums were as 


the Squares of the Times, viz. as 100* : 55* :: 39,2 : 
32=the Length of one Foot. 

3. Hence, if the Length of a Second Pendulum were 
made to conſiſt of 1000 equal Parts, the Lengths of the 
pet made uſe of by all Nations might be com- 


'Pared therewith, and expreſs'd in thoſe Parts; thus the 


nglifh Foot would be found equal to 306,9 nearly ; 
for as 39,2: 12 : : 1000: 306, 9 fert: nd thus for 
any other. If this Method of aſcertaining the * 
; ures 


MEC HAN Ies. 

Tun greateſt Inconvenience attending this 
moſt uſeful Inſtrument is, that it is con- 
ſtantly liable to an Alteration of its Length 
from the Effects of Heat and Cold, which very 
ſenſibly expand and contract all Metalline 
Bodies, as will be very evident by the Pyro- 
meter (X XXI). . | 5 


Warn 


| ſures were uſed by all Nations, it would entirely pre- 


clude all Doubts and Obſcurity in this Affair to Poſ- 


terity. 


trived to ſnew the Extenſion of heated Metals, &c. is 
perhaps the moſt ſimple, exact, and eaſy, that the Na- 
ture of ſuch a Machine will admit; and the Manner of 
computing its Effect is as follows: — 

2. AB is the Diameter of the Axis or Spindle on 
which the heated metalline Bar is laid, and is moved 
by its Extenſion; on the other End is fixed a ſmall 
Wheel C D E, whick is connected by a filken Thread 
to a ſmall Pinion Wheel G H, which on its Extremity 
carries a fine Index over the Diviſions of a large gra- 
duated Circle I K L. | | 

3. Now admitting the metalline Rod extends res 
Part of an Inch, it is plain the Circumference of the 


Axis AB, on which it hes, muſt be moved through the 


ſame Space; and ſuppoſing the Wheel DE to be in 


Diameter 10 Times as large as the ſaid Axle AB, the 
Motion at D will be 10 Times as great, or the Point 
D will move through rue Part of an Inch. But 


juſt ſo much as D moves, will the Periphery of the 
Pinion GH move, they both moving with the fame 
Thread; if therefore the Circle IK L be in Diameter 
10 Times as large as that of the Pinion GH, the Mo- 
tion of the Index (which it carries) on its Circumfe- 
rence will be 10 Times as great, viz. 14s Part of an 
Inch, which will be viſible to the Eye: Conſequently 
every Inch on the graduated Circle will ſhew the Ex- 
kk of (100 * r5$o5 = ) x55 Part of an Inch " — 

| | . etal. 


— 
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(XXXI.) 1. The PyrRoMETER which I have con- Pl. VL 
Fig. N. : 


.. GATES, Eee ante on tn Prieto non 


f 
þ | 
* 
p 
| 
* 
c 
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Warn Pendulums were firſt 2150 to 


Clocks, they were made very ſhort; and 
e | | the 


Metal. And fo if the whole Circumference of the Circle 
IKL be 10 Inches, one Revolution of the Index will 
ſhew the Expanſion of „% of ian Inch in the Metal. 
4. Hence it is eaſy to obſerve, that if the Wheel CDE. 

1 Circle IKL, be enlarged in any Proportion to the 
Axis AB and GI greater than what L have aſſigned, the 
Power or Effect of the Machine will be increaſed in 
the ſame Degree; and hence this Inſtrument may be 
conſtructed to ſhew very great Expanſions of the Metals 
with the utmoſt Degree of Accuracy. 

The Reader may be curious to know in what 
Proportion the ſeveral Sorts of Metals are expanfible, 
which I ſhall here ſhew in a Table made from the Ex- 

riments of Profeſſor Muſchenbreck, with 1, 2, 3, 4, 5. 
lames of Spirits of Wine. 


Tron. Steel. Copper. Braſs. Tin. Lead. 


Flame 1 80 85 89 110 155 
2 117 12 115 220 5 
3 142 16 193 275 
nn... £50 -. nl » 
FOE. 20 - $40. vy a 


6. Here we obſerve the Expanſion of Tron to be the 
teaft of all Metals, and that of Tin and Lead the greateſt, 
and nearly equal with one Flame. Hence the Rods of 


Pendulums ought to be made of Iron, and alfo all Mea- 


- fures of Length, as Yards, Sc. and whatever elſe we 
would not have altered by Heat and Cold. 
7. The Method of remedying the Inconvenience 


arifing from the Extenſion and Contraction of the Me- 


talline Rod of Pendulums, is by applying the Bob with 
a Screw, by which Means the Pendulum 1s at any Time 


made longer or ſhorter, as the Bob is ſcrew'd down- 


-wards or upwards, and ſo the Time of its Vibration | is 
continually the ſame. 

8. If a Glaſs. or Metalline Tube, uniform eu 
out, filled with Quickſilver, and * Length of 58,8 


Inches, 
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the Arches of the Circle deſeribed being 
large, the Times, of. Vibration. through dif- 
ferent Arches could not, in that Caſe, be 
equal; to effect which, the Pendulum was 


contrived to vibrate in the Arch of a Cycloid, 


the Property of which Curve is, that a Body 
will deſcend from any Part thereof. to the loweſt 


Point in the ſame Time, and ſooner than by any 


other Way (XXXII.) 
: THE 


Inches, were applied to a Clock, it would vibrate Se- 
conds (for 39, 2 21 of 58,8) and ſuch a Pendulum ad- 
mits of a twofold Expanſion and Contraction, viz. one 
of the Metal and the other of the Mercury, and theſe 
will be at the ſame Time contrary, and therefore will 
correct each other. «VRP 

9. For by what we have ſhewn, the Metal will ex- 
tend in Length with Heat, and ſo the Pendulum will 
vibrate ſlower on that Account. The Mercury alfo 
will expand with Heat, and fince by this Expanſion it 
muſt extend the Length of the Column upward, and 
conſequently raiſe the Center of Oſcillation, ſo that by 


this Means its Diſtance from the Point of Suſpenſion. 


will be ſhortened, and therefore the Pendulum on this 
Account will vibrate quicker : Wherefore if the Cir- 
cumſtances of the Tube and Mercury are ſkilfully ad- 
juſted, the Time of the Clock might by this Means, 
for a long Courſe of Time, continue the ſame, without 
any ſenſible Gain or Loſs. | | | 

10. This is the Invention of Mr. Graham in the 
Year 1921, who made a Clock of this Sort, and com- 
pared. it with one of the beſt of the common Sort for 
three Years together, and found the Errors of the for- 


mer but about : Part of the latter; of which the Reader 


may ſee a farther Account in Phil. Tranſ. Ne 392: 
(XXXII ) 1. How far the Cycloid is concern'd in the 


Pendulum, has been ſhewn ; I ſhall now ſhew that this 
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PL. VI. 
Fig. 7. 


next to be conſidered. A PRoJECTILE is 


: * LD: And ſince the Times are as the Spaces 2 ' 


Ne = F755 


= and therefore 7 
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THE Motion of PRoJECTILES comes 


any 


is the Curve of quickeſt : Deſe cent ; 5 let AH c be the 
Curve of quicke { Been, then will a Body deſcend- 
ing from A paſs from H to D ſooner in an Arch of this 
Curve than in any other, between H and D; let the 


Point G be taken ſuch, that, drawing H F, GE pa- 


rallel to the Axis A B, chey may cut off IG=ED; in 


the Perpendicular K G and L Since the Point D 


is given, LD is conſtant, as alſo I G=DE, becauſe 
the Point H is invariable, and therefore alſo K G' is 
conſtant: but the variable Quantities are HI, HG, 


and GE, GD. 
=D; Now put K GSI, LD c, and IG=ED 
| _ alſo HI, and GEzs; .then will the Velo- 


ity of the Body at G be as ' VR G, and at D as 


over directly, and the Velocities inverſely, the Time 

HG _ (73s 

K 7 
G D 


of paſſing thro H G will be as 


and the Tims of deſeribing G D, as EB 


yi 0 
Bur the Sum of thoſe Times is the leaſt poſhble, 
is JE + 2 5 a Minimum. Conſoquent- 
SI | 
ly its Fluxien r e „ or 


VU — % 


_ but fince HF = v0 + 


z=a conſtant Quantity,” we have v + z = 2 and ſo 
V 


biV a 7 + , 


therefore ASCE. z BITV, whence 


nyY © > — . bu .. _— Oo. 
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any Body A, thrown or projected in an ups 


right, oblique, or horizontal Direction; as a 
Stone from the Hand, an Arrow from the 


Bow, or a Ball or Bomb from a Cannon or 


Piece of Ordnance, The Force with which 
the Body is projected is called the IMeETvs, 


and the Diſtance to which it is thrown is 


called the HoRIZZON TAL RANDOM or AMPLI= 
TUDE of the Projection. 
Every Projectile is acted, upon byiit 
Forces or Powers, viz. the Impetus of ths 
projectile 


en. ei 3541 that is, GD? . 


GH::HIx LDT: GEN KI. 


4. But GD, HG are the Fluxions of the Curve; 


HI, GE, the Fluxions of the 4b/ciſe AM, AK; 


and KG, 'LD are the Ordinates to the Points G and D. 


Therefore the Fluxions of the Curve of ſwi 
every where, as the Fluxions of the Abicil 
the Square Roots of the Ordinates inverſely. 
5. But this is the Property of the Cycloid ; for put- 
ting AK gx, KGS BN =, and BC=a; the 
Triangles ONC and GED are ſimilar by the Nature 
of the Curve ; and therefore O N : Oe: E: D; 


Deſcent are 
directly, and 


FREE 
that is, 47 57 7 aa—yyz::%: — — 2 
| . 

3 eee, „ SY 
. : - = GD; but af is a given 
„ : 1 


Quantity, therefore G D is every where a I or di- 


rectly as the Fluxion of the Abſciſs A K, and 4 
as the Square Root of the Ordinate R G, and conſe- 
quently the Cycloid is the Curve of fwifteſt Deſcent. 
See Annotat. XXVIII. 3. e 
Vo L. I, K 
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projettile Force, and that of Gravity. By the 
frſt, the Body paſſes over equa/ Spaces, AB, 


BC, CD, Sc. in equal Times; aud by. the 
ſecond, it deſcends — Spaces A G, AH, 
AI, Sc. which are as the Squares of the 
Times; and therefore by theſes two Forces 
compounded, the Body will deſcribe, not a 
Right Line, but a Curve AQ; and of that 
Sort which we call a Parabola; and this will 


be the Caſe in all Directions but that in the 


V. 


Fig. 7. 


plitude of 


Perpendicular, when the Path of the Projectile 


will be (to Appearance) a Right Line. The 
greater the Angle of Elevation K A M of the 
Cannon is, the greater will be the Height 
DB to which the projected Body will rife, 
Alſo, the greater will be the Diſtance or Am- 
e Projection, till the ſaid Angle 
becomes . equal to 45 Degrees K AO; upon 
which Elevation the Random A C will be the 


_ greateſt poſſible, and equal to twice the Al- 


titude AG of the perpendicular Projection. 
On any Elevation A M or A M, equally above 
er below 45 Degrees, as on 40 and 50, 30 
and 60, 20 and 70 Degrees, the Random 
AC will be the ſame; which Caſe an En- 
gineer frequently finds of very great Uſe. 

lx the Object be ſituated above the Ho- 


rizon, then, in order to ſtrike it with the 


leaſt Impetus, let a Piece of Looking-glaſs 


7 
* 


Mzcrtantes . -. 


e be fixed to the Cannon perpendicular to its 
, Axis; and holding a Plumb-Eine over the 
* Glaſs directly under the Eye, the Cannon is 
I, to be elevated till the Object appears. exactly 
be under the Plummet, and there fixed; if then 
88 it be diſcharged, it will ſtrike the Object as 
A required. 

at Wh what has ven faid, we may eafily 
ll underſtand how a Body projected 7 
1 from the Earth's Surface does really deſcribe a 


le Parabola, though to Apperrance it afcends 
ae and deſcends in a right Line. For it is urged 
1e by two Forces, vis. the Projectile upwards, 
ht and the Force ariſing from the Motion of the 


e. Earth about its Axis from Feſt to Baſt; in 
n- which Caſe it muſt necefſarily deſcribe a Pa- 
le rabola (XXXIII). 
IN I SHALL 


(XXXIII) 1. In the Parabola, it is demonſtrated Pl. V. 
that the ſeveral Abc, 22 AG, AH, Al, Ge. are as Fig. 5. 6. 
the Squares of the dinates G M, HN, IO, &c: | 
and ſince this is the Property of the Curve which the 
Projectile deſcribes, it is evident the Projectile deſcribes 

à Parabola. 

2. Let AM repreſent the Force with which a Ball is Fig. 7, 
projected from the Cannon in the Direction A M; 
this may be reſolved into two others AL and LM, of 
which the firſt is an. and the latter parallel 
to the Horizon. erpendicular Force or Velocity 
AL is that by which op Ball riſes, and the Heights to 
which it will riſe with the Velocities AL and AM 


are as the Squares of the Velocities, viz. as AT. to 
AM; but (becauſe AL: AM:: AM: AG) AL; 


AM :;:AL: AG; therefore I AG repreſents the 
K 2 Height 


* 


IE J2 


Fig. 6,7. 


Fig. 7. 
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-- I, SHALL in the, laſt Place, conſider the 
Nature of CIRcUuLAR MoTIoN and Cxx- 
0 if TRAL 
Height to which the Ball will riſe with the Velocit 
AM, AL will be the Height to which it will riſe wi 
the Velocity A L, or in the Projection on the Elevation 
AM; thus BD=AL. | | | 


3. The Velocity of the Projection LM in the hori-' 


zontal Direction is every where uniform, or carries the 
Ball through equal Spaces AR, RS, S T, T V, VW, 
in equal Limes. For by the ſingle Impetus of the Pow- 
der, the Ball deſcribes equal Spaces AB, BC, CD, Qs. 


in equal Times in the Direction AF, as has been 


ſhewn; therefore by the Similarity of Triangles AR, 
RS, ST, Sc. will be as AB, BC, CD, Oc. that is, 
the horixontal Spaces paſſed over in the Projection, will, 
in equal Times, be equal. 180 4 1 
4. Now ſince the perpendicular Velocity is to the 
horizontal Velocity as AL to LM, and AL 1s the 
Space paſſed through by the former in half the, Time of 
the Projection, LM would be the Space paſſed through 
in the horizontal Direction in the ſame Time, if the 
Velocity LM. were of the ſame Sort with AL, viz. 
uniformly retarded and accelerated; but ſince LM is not 
retarded, but uniform, it will &rry the Body through 
twice the Space L M in the fame Time (Aunot. XXVI. 


7.) that is, through AD=L B=2LM, 


s. And fince the Time of the Aſcent from A to B 
1s equal to the. Time of Deſcent, the Ball will paſs over 
DC=AD in the Time of the Deſcent from B to C; 
therefore the horizontal Space AC, which tlie Ball 
paſſes over during the whole Time of the Projection, 
is equal to 4 Times LM, wherever the Point M be 
taken in the Circumference AO G. 1 5 
6. Hence when A O is the Direction of the Cannon, 


(O being the middle Point of the Semicircle) the Line 


NO, which is the horizontal Velocity, will be the 
greateſt poſſible (from the Nature of the Circle) and 
conſequently 4NO=AQ, the greateſt poſſible hori- 
⁊ontal Raudom; which therefore is made on an Angle 


OAK 
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TRAL Fox cks. If a Body A be ſuſpended Sp 
at * End of a String A C, moveable Fig. 8. 
about 


0 


OAK = 45 Degrees. For OAK = AON = OAN, 
becauſe NO AN; therefore ſince ANO = yo , 
AON =OAN=OAK ='/4 452 

7. Hence AN FE (= NO =} AQ) will be 
the Height of the Projection on the Angle OAK = 
45*. hence AQ_will be the Parameter, or Latus 
Rectum, of .the Parabola A F Q. 

8. If MO = OR, then will LM = TR: ON con- 
en the horizontal Random on the Elevation AM; 
and AR, will be equal, viz. AC; but the Height of 
the Projection on AR will be AT = 8D. MHhence 
the Height SD is to the Height DBD (as RK te MK) 
as the Tangent of the Angle of Elevation R AK to the 
Tangent of the Angle M A K. 


„ 


. bo AE 8 + 
* 


9. From what has been demonſtrated it is eaſy to 
£ underſtand, that an Object ſituated on the Horizon may 
E be hit by a Ball diſcharged on an Elevation of 45* with 
: a leſs — of Powder than on any other Angle of 


Elevation. N 
10, The Time of the Projection ABC is equal to ö 
the Time of the perpendicular Aſcent and Deſcent 
through A L or DB, (becauſe the horizontal Velocity 
does no Way affect that in the Pergendicular.) But the 
Time of Aſcent and Deſcent in AL is to that in A * 


as XL to „AG; that is, (ſince AL: AG : 


A . A G*) as AM to AG; that is, (becauſe A G 
:AM:AL=MK) as MK to AM, or as the 
2 7 the Angle of Elevation MAK to the Kadias. 
11. Therefore the Times of two different Projections 
ABC, ASC, will be as the Chords AM and AR, 
or as the-Sines of the Angles of Elevation to the Ra- 
dius AG. 
12. Suppofe it required to know ebe chat Height 
a Body ought: to fall to acquire ſuch a Velocity, that, 
being reflected in that Moment in the Direction A F, it 
ſhould deſcribe the given Parabola AO Q. In order to 
this 57 are to conſider that (the Equation being xp=yy) 
. K 3 the 


* ao 7 ©» 


vs W Py wo TT ww 
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about a Point or Pin C gs a Center, and 


in that . Poſition it receive an Impulſe or 


Blow 


the Velocity of a Ball ſhot from the Cannon commences 
in the Direction of the Axis AL (or Abſciſs x) in the 

oint A; but that in the Direction AF (or of the Or- 
dinate y) is from firſt to laſt the ſame; conſequently 
there muſt be a certain Point, to which the Ball hav- 
ing deſcended; acquires a Velocity equal to that in the 
Direction AF, which is uniform; and this muſt be 
when & y. To determine which, putting the Equa- 
tion x p=y in Fluxions, we have x p=2 y y; but Gn 
in this Cate we have + = j, therefore p = 2 y, and 
= = y = V xp, (per Equation ;) therefore 1 p* = xp, 
that 1s, 4 Dx. | 

13. Conſequently, if an -heavy Body fall from the 
Height ef z of the Parameter of the given Point A, and 
in that Point it be reflected (with the Velocity there ac- 


quired) in the Direction A F, it will deſcribe the given 


Parabola AOQ, 7 096 

14. If it be required to ſtrike the Point B, .whoſe 
Diſtance AD and Height BD are given, with the 
leaſt Impetus of all that will hit it, then in order to find 
the Elevation of the Cannon, draw AB, and E A per- 
pendiculat to AC; on the Point A deſeribe the Arch 
u bc, which biſect in 5, then a Line A F drawn through 
that Point. will be the Elevation of the Cannon as 


required; and the leaſt Impetus will be equal to 


AB+BD, See the Demonfiration of this by tho 


the He ght of one Mile, or 5280 Feet; it will 


Inventor, Dr, Halley, in the Phil. Tranſactions, and by 
Dr. Keill, Introd. 2 280, 281. From a bare View 
of the Diagram, the Reaſon of the Uſe of the Looking- 


| Glaſs'and Plummet 18 evident, 
0 8 I 55 If a Ball be projected perpendicularly upright in 
the 1) 


rection AF with a Velocity that will - = op 5 
I 


Beconds (nearly) in the Aſcent, and as much in the 


Leicent, (for, as 16,2 Feet: 5280 Feet :: 1* : K 


whence 
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Blow in an horizontal Direction, it will 

T be thereby compell'd to deſcribe a Circle 
V about the central Pin: While the circular 
Motion continues, the Body will have a 
continual Endeavour to recede or fly off 
from the Center, which is called its Centr 
fugal Force, and ariſes from the Hormontal 
Impetus ; with this Force it acts upon the 
Hxed Center Pin, and that, by its Reni- 
tency or Immobility, re-ats with an equal 
Force on the Body by means of the String, 
and ſolicits it towards the Center of Mo- 
| | W 


whence x=18”, fer? the Time of Aſcent or Deſcent.) 
Now in the Parallel of London, the Motion of. the 
Earth's Surface, and of all Bodies upon it, is at the 
Rate of 10,8 Miles per Minute, or 950 Feet per Se- 
cond, from Weſt to Eaſt : Therfore in 35 Seconds, 
the Time of the Aſcent and Deſcent, the Ball will be 
carried over 34214 Feet, or more than fix Miles, in the 
horizontal Direction Eaſtwards from the Point A to H. 
Now fince the Ball is carried at the ſame Time with a 
retarded Force upwards, and an uniform Force for- 
wards, it will deſcribe the Parabola ADH. And be- 
cauſe the horizontal Motion in the SpeFator and. in the 
Proje is the ſame, Ky will be carried through equal 
Spaces AN, OB; AM, PC; AL, FD, tc. in 
the fame Time; and conſequently the projected Ball 
will always _ perpendicularly over the Spectator in 
every Point of the Curve; which is the Occaſion of the 
Deception above-mentioned. | 

16. Hence the Objection uſually urged againſt the 
Motion of the Earth, from the apparent Aſcent and 
Deſcent of Projects in a Right Line, is the Reſult of 
e as indeed are all other Arguments of this 

Ind, 


6H... 


K 4 


PI. V. 
Fig. 8. 


MESCHAN ICS. 


tion, whence it is called the Ceniripetal Force; 
and when we ſpeak of either, or both of them 
indefinitely; they are called the Central Forces 
of the revolving Body. | 
Ir is of the laſt Importance to Andern 
ihe Nature of this Kind of Motion; fince by 


it all the Machinery of the Planetary Syſtem | 
18 perform? d, as will be ealy to underſtand, 


if, for the. revolving Body, we ſubſtitute a 
Planet ; for. the Center, 'we place the Sun; 
for the Centripetal Force, or String, its Power of 
Attraction; and for the Projectile Force, the 
Almighty Power of og. in the firſt Creation 
of Things. 


Tar F Na of this Species of Motion is 
compriſed in the following Propoſitions, VIZ. 


(i.) The projectile Force AH is infinitely 
greater than the centrifugal Force HE. (2 90 
The central Force is proportional to the Quan- 
tity. of Matter in the revolving Body A, all 


other Things being equal. (3) If two equal 


Bodies A, B, delerlbe unequal Circles AM, 


AN, in equal Times, the central Forces will 
be as the Diſtances A C, BC, from the Cen- 
ter C. (4.) If equal Boilies” deſcribe” upequal 
Circles with equal Celerities, the central 
Forces will be inverſely as the Diſtances. 
(5) If equal Bcdies deſcribe equal Circles, 

the 


Mr HAN TGS.“ 


the central Forces will be as the Squares of 
the Celerities. (6. 5 If equal Bodies deſcribing 
unequal Circles have their central Forces equal, 


their periodical Times will be as the Square 


Roots of the Diſtances. (J.) If equal Bodies 
deſcribe unequal Circles with equal Celerities, 
the periodical Times will be as the Diſtances 


directly. (8.) Therefore the Squares of the 


periodical Times are proportional to the Cubes 
of the Diſtances, when neither the periodical 
Times nor the Celerities are given. And in 
that Caſe, (g.) The central Forces are as 


Squares of the Diſtances inverſely, - 


Turxsk are the Theorems of circular Mo- 
tions, the two laſt of which are found by Aſ- 
tronomers to be ſtritly obſerved by eyery 
Body of the Planetary and Cometary Syſtem. 
For Example : The periodical Time of Venus 
is 225 Days, aud that of the Earth 3653 the 
Squares of which Numbers are 50625 and 
133225: Again, the Diſtance of Venus from 
the Sun is to that of the Earth as 72 to 10073 


the Cubes of which Numbers are 373248 and 


3000900 3 but 50625 : 133225 :: 373248;; 
1000000; that is, the Squares of the periodical 


Times are as the Cubes of their Diſtances very 


| nearly. From hence alſo it wall eaſily ap- 


* 
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Plate V. ps (XXXIV) 1. Let AD Sa, the 8 of the 
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Pear, that Bodies 8 under the Equator have 
the greateſt centrifugal Force, which there 
Acts in direct Oppoſition to Gravity, aud di- 
miniſhes towards the Poles, with the Squares 
o the Diſtances from the Earth's Axis. 
Hence alſo it ts evident, that if ever the Earth 
war it a fluid State, and at the ſame Time 
moving about its Avis, it muft neceſſarily put on 
re Figure, not of a perfect Sphere or Globe, 


Gut of an oblate Spheroid, flatted towards both 


Piet: as. 1s manijeftly Jſhewn by Experiment 


Circle AMD; AH the Space which a Body A moves 
N a conſtant Particle of Time by an uniform 
rojefile Force; HE the Diſtance it is drawn from the 
Tangent AH by the "Centripetal Force (which 4s juſt 
ſufficient to retain the Body moving in a circular Orbit) 
in the ſame Time. | | | 
2, Then fince AH is indefinitely ſmall, the Arch 


AE, and its Chord, will nearly coincide and be equal 


to A H, ind Will therefore alſo repreſent the Projectile 


Force. But AD: AE :: AE 1 AE 


= the Central Force. Now 2. is infinitely ſmall in 
reſpect of AD, therefore HE or Aa is infinitely ſmall 
with reſpect to AE. iT RY 

4 + If the ProjeQile Force or Velocity A Bk V, 
and AD=e, the general Expreſſion of the Central 


'Force will be =; which therefore in different Cireles 


will be as the Squares of the Velocities direfily, and ins 


ver ſely as the Dlamkters or Semi-diameters of the Circles. 


4. But in the fame Circle it will be dire#ly' as the 


Fquarts of the Velocity ; becauſe in that Calc a 18 given. 


.. 


Ul 
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"a if the Velocity be given, it will 74 as the D; ones | 


from the Center inverſely, (for then = — hace 209 


Hence if the Central Forces in two Circles be 
equal, the Diameters , thoſe Cireles, or Diſtances yum 
the Center of —_— will be as the \Fgwares of the Velocities 
direttly. 

6. As AE: 1: : 3,1416: P= the cies Time 
of deſcribing the whole Circle (for in equable Motions 


the Spaces are as the Times.) Therefore P= 40g 


whence V* = wan , which ſubſtituted in the 


Expreſſion for the Central Force, we have Wb —4 


= Pr (becauſe 37776" is given) for the Central Force 


in this Caſe; which therefore is always as the Diameter 
pr Radius of the Circle direfly, and by Square of the 
periodical Ti Time inverſely. 

7- Hence if the Central Force be as any Power (n) 


of the Diſtance (a) from the Center C, we have — 


= a; whence P 7 and therefore when 1 , 


we have P= al, or the periodical Ala will be as the 


Square Root of the Diftance 


8. If: =1, that is, if the Force be area as tho 
Diſtance ; then will 7 (e 1; that is, the 


peridfical Time will be given, or the ſame i in every Circle. 


9. If Sa, that is, if the Force be directly as the 


Square of the Diſtance, then P = WS or the 


periodical Time will be as the Square Root of the Diſtance 


inverſely. 
10, If = = —1, that i * x the Force be inverſely 


F. 


139 


£40 


 M&kcnanics. 
BALD 35 d 5 a by LY ; [ 2 #4 "34 ; £ £31: 4 
as the Diſtance, then Pg a* = a, or the periodical 
Time will be directly as the Diſtance from the Center. 

11. If z =—2, or the Force be inyerſely as the 


Square of the Diſtance, then Prat, or (ſquaring both 


Sies) P“ = a, that is, The 2 the periodical 


Time will be as the Cube of the Diſtance from the Center. 
0 12. When the Central Force is given, 5 1, and 
Pp 8 that is, The periodical Time will be as the 
Square Root of the Diſtances. 8 
13. Since the Central Force is as and as Pr, 
have PV =a; whence the Diſtance from the Center is 
always, in the Compound Ratio of the periodical Time and 
Velocity. 

14. Hence if the Diſtance be given, or a=1, then 
the periodical Time is inverſely as the Velocity, and the 
Velocity inverſely as the periodical Time. a * 
«15, If the Velocity be given, or V=r, the periodical 
Time will be directly as the Diſtance from the Center. 1 
156. If the periodical Time be given, the Velocity will 
be directly as the Diſtance likewiſe. | 1 
17. If we put p S 3, 1416; then p: P:: AE = 
— 5 n Time of deſcribing AE. Again, as 1*+ 
er ear 
19,2 $3 NN . | * — =. the Diſtance 
deſcended by an heavy Body (in the Time of defcribing 
AE) by the Force of Gravity. Laſtly, this Force of 
162AF*xP*\ . | | 
Gravity — 55 ) 1s to the Central Force 


TF: ww og of -. - | 
— as 1 to 1525 ae: is, as 16,2P* to a p, 
OrasP toobiga,- .... 45 | 

18. If now we. ſuppaſe a Body revolving about the 


we 


Center of the Earth at the Diſtance of its Surface with 


A cenfrifugal Force equal to that of Gravity ; then P? 


= ob15 a, and ſo P* = Vo,0154; and putting a = 
| | 42909000 
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420000 Feet in the Diameter of the Earth, we have 
P=5083 Seconds, or 84 43"; which is the Time of 
Revolution to acquire a centrifugal Force equal to that 
of Gravity at the Earth's Surface. Conſequently were 
the Earth to revolve in 84 43” inſtead of 24 Hours, the 
Bodies on its Surface would loſe all their Weight, and 
be as liable to fall off as to abide thereon. Et 

19. From what has been demonſtrated we may diſ- 
cover the Law of Gravitation at the Moon; for ſince 
the Diſtance of the Moon from the Earth's Center is 
to the Diſtance of the Earth's Surface as 60 to 1; and 
ſince the periodical Time at the Earth's Surface is 
5083“, therefore the periodical Time at the Moon 
may be found (by Art. 11.) thus; 1*: 60:: 5083*˙; P; 
whence P 5083 * 603 = 2362000” = 27, 3 Days the 
periodical Time of the Moon, if moved by a centri- 
petal Power, as Gravity decreaſing with the Squares of the 
Diſtances inverſely : And therefore ſince the periodical 
Time, thus found, is equal very nearly to the real peri- 
edicaÞ Time of the Moon, it ſhews that Law takes Place 
between the Earth and Moon. This might alſo be 
ſhewn, from the Time of the Moon's Revolution, but 
one r is enough, I ſhall alſo hereafter ſhew, that 
this is the general Law of the whole Planetary Syſtem, 

20. Since we had 5 = the central Force, when 


FEAT | N n I IN 8 
a is given, the Force will be as P that is, in equal 


Circles the centrifugal Forces will be as the Squares of 
the Velocities inverſely. And therefore ſince in the 
Time of the Earth's Revolution, viz. 24 Hours, there 
are 68400“; if we ſay, as 5084} ; 68400 :: 1: 289 
nearly; 'that is, the centrifugal Force under the Equator, 
arifing from the Earth's Rotation, is to the Power uf Gra- 
vity on its Surface as 1 to 289 nearly. 1 
21. Since the Time of Revolution of a Body under Pl. VI. 
the Equator EQ, and in any parallel ot Latitude BG, Fig. 11. 
is 6qual, the centrifugal Forces are as the Diſtances 
EC. BA, from the Center of Motion (by Art. 16.) 
ar, as Radius CB to the Co- ſine AB of the A : 
REEF 4 8 22, Dut 


j | . | 
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Pl. VI. 
Fig. 12. 


Mae res. 


22. But in any Latitude B, the centrifugal Foree is 
not (as under the Equator) oppoſite to the whole Gra- 


vity, but only a Part thereof, which is to the Whole 


as the Co- ſine of Latitude to the Radius. For conti- 
nue out A B (the Directien of the centrifugal Force) 
to D; and CB (in which Gravity acts) to F; from D 
let fall a Perpendicular to F, then will BD repreſent 
che whole centrifugal Force, and B F that Part of it 
which acts directiy againſt r N BF: BD: 
AB: BC SEC. Therefore on both theſe Accounts, 
the centrifugal Force decreaſes from the Equator to- 
wards the Poles N and 8 in the Proportion of the 
Squares- of the Co-fines- of the Latitude. 

23. We proceed now to demonſtrate the true Figure 
of- the Earth, which we ſhall find to be Spheriodical,and 
not Spherical, if ever its Parts were in a fluid or yield- 
ing State, from the Conſequence of a centrifugal Ponte 
n order to this, let NS be the Axis of Rotation, BC a 
Column of fluid Particles gravitating towards the Center 
C, which (becauſe we ſuppoſe the Parts of the Fluid 
eyery where quieſcent) will be of the ſame Weight 
with every other Column 'of Particles CN, or CE, 
Ta CES CN =; CB=x, AB = Sine of 
the Angle BCN; and ſuppoſing the gravitating Power 
to be every where as the Power x of the Diſtance from 
the Center; that is, * the Power of Gravity at E 
(z) to be to that at B A Ex to CB, then will the Gra- 

94 e 3 En 

vity at B de 6; Il 5 — . 
24. Alſo the centrifugal Force at E (J) is to that at 
B as CE to AB (as we ſhew'd Art. 16.) But AB: 


"EB: : 3 1 = Radius; whence AB =s x CB= 5x; 


conſequently we have the centrifugal Force at B equal 
| oy 6 


235. But fince this Force acts in the Direction BD, 


5 Rp which oppoſes Gravity is F B (as was ſhewn 


above) whence fince BD: FB:: 1222 JAE 2 
S to centrifugal Force at B, which oppoſes Gravity. 
26. Hence the Power of Gravity on a Particle at B 

ä l will 


MzcnHantes. 


will be as —.— = —— impelling it towards the Cen- 
ter C. Such a Particle will be repreſented by 5, and 
therefore its Weight will be IE Le 


un 
a 4 — a | x | * ", 
as this is the Fluxion of the whole Weight of the Ca- 


lumn E B, the Fluent thereof 3 — ofF £5. will 
: Le HRS ier ad 
be the 7 of the 1e of Particles CB. 
27. It now we confſder the Column of Particles 
CE, which is of equal Weight, ſince in this Caſe the 
Angle N CE is a Right one, we ſhall haye * a, an 
s=1; wherefore the Weight of the Column CE w 
* an + 44 * 
L, therefore. ths Weight f 


n + 1a" 24 


Column every where is equal ta 


g NI fix 
CDS r — 

n X16" 24 | 
per Reduction) 2g" +' —# +1 Xx f 5 5 aw 
* =2g—nf—f * a* + 1 for a general Equation.. 

28. Whence, putting 5 o, we have 2 gat t = 
A hs aa: 
2g—nf—fx@ +; and therefore a: : 281% ++ 


Z —nf—f er:: CE: CN, ½ is the, Diameter 
of the Equator to the Axis of the Earth. ES 
29. Hence, upon the Hypotheſis of an uniform Gra- 
vity, we have 1 So; in that Caſe 2g: 22: CE: 
CN. But the Gravity (g) is to the centrifugal Force 
(f) under the Equator, as 289 to 1 (per Art. 20. 
Wherefore in this Caſe CE: CN :: 578: 59. 
30. If the Earth were to revolve in 84 47"; the 


centrifugal Force would be equal to Gravity (Art. 18.) 


org ; and then CE:CN:: 2:1. If the Earth 
were to revolve quicker than that, the Particles would 
fly off, and the Earthcbe reduced to a ſingle Atom. 


31. If the Gravity . be. ſuppoſed proportional to the 
Diſtance from the Center; then » = 1, and we 7 | 


and 


. —) therefore. we have (by: Pre- 


14 
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* 


LE ;3CN:::ghki g— Fi and if in this Hypotheſis the 
Earth were to revolve in 84' 43”, or g = , then would 
CE be infinitely:greater than CN; that is, CN would 
be nothing, or the Spheroid would then become a cir- 
DTT PRES 9D, FAV 

32. If Gravity be ſuppoſed inverſely as the Square of 
the Diſtance, we have „ = — 2; and then we ſhall 
Th Wh 1 


have 22 : 28 11 F -— OCE: C N:: 
WE 1.24 7 6 | | 

2 —i:2g + 2 +f:2g :: 579: 578. And 
fine of ali MP SN chis ** = to 
be the only true one (ſee Art. 19.) it follows, that the 
Earth in its chaotic or fluid State, In, about its 
Axis, muſt neceſſarily put on a ſpheroidical 
ing the equatorial oe Q, to the Axis NS, as 
579, . | Sou 

33. Ang this would be the Caſe, were all the Cir- 
cumſtances of the Hypotheſis the ſame in Nature as we 
bave preſumed in the Theory; but fince they are found 
to be otherwiſe, the Mathematical Theory (which gives 


* 


only the true Sort of Figure, but not the true Figure 


itſelf) muſt be adapted to Nature, and the Figure which 


the Earth really has. inveſtigated from other Principles. 


For Bodies on the Earth's Surface do gravitate in ſuch 
Directions as paſs not thro' the Center C (as has been 
ſuppoſed) any where but in the Equator or under the 

oles, viz. at E and N. | 


. 
. 


34. In order to find the true Proportion between E KN 
and NS, Sir 1ſaac Newton makes a Suppoſition they 


are as 101 to 100, and then by a Method (too prolix 
to be here explained) he finds the Gravity at E-and N 


to be as 500 to 501. Now ſuppoſing the Matter of 


the Earth uniform and at Roſt, the Weight of the Co- 
lumn of Particles EC will be to that of the Column 


NC in the Ratio of their Magnitudes 101 to 100, and 
of their ſpecific Gravities 500 to 501 conjointly, (ſee 


Annot. LV III. 10.) that is, as 505 to got. _ 

35. Now it is plain if the Weight of each Particle in 
the Column CE were divided into 505 equal Parts, a 
centrifugal Force, that ſhould take off four of thoſe 
WAS: bs 3 | | equal 


* — 
* 


QA A 25 06 


gure, hav- 


— nn} ON 


„„ Akt A 4 Red ¶— — mw —— hk + — © — &a ry 
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equal Parts, would leave the Weight of the Column 
E C equal to that of the Column N C, whence an Equi- 
librium muſt enſue between them. | 
36. Whence our Author makes this Analogy : If a 
centrifugal Force which is 34; of Gravity cauſes an 


Exceſs of r Part in the Altitude E C, a centrifugal 


Force which is but «35 Part of Gravity can cauſe an 
Exceſs only of 29 Part of EC. Therefore the true 
Proportion between the Diameter of the Equator E Q, 
and the Earth's Axis N S, is that of 230 to 229. 
Whence, ſince the former is about 8000 Miles; it will 
exceed the latter by about 34 Englii/h Meaſure. 

37. Whence, ſince in an tern x oh of Fluids com- 
municating with each other, the Altitudes are as the ſpe- 
cific Gravities inverſely, it follows that the Gravity at 
the Equator E is to that at the Pole Nas 229 to 230 ; 
or a Body which under the Poles weighs 230 /b. will 
under the Equator weigh but 229 /b. 3 

38. The Gravity increaſes from the Equator E to- 
wards the Pole N with the Squares of the Sines of the 
Latitudes. For continue out CF to C 
perpendicular to AD; then if B D be the whole centri- 
fugal Force at the Equator, and BCG the whole Dimi- 
nution of Gravity occafioned there by it; and ſince in 
the Latitude B the centrifugal Force which acts di- 
realy againſt Gravity is reduced to F B, the Line F B 
will alſo repreſent the Diminution of ray in the 
Latitude B, and therefore the Difference G F will be 
the Increaſe of Gravity at B. And fo (becauſe B G: 
GG :: GD: GF) we have BG: GF:: (F: 
GD*:: ) BG: AC2® : : Radius Square : mm" 
the Sine of the Latitude : : Decreaſe at the Equator : the 
Increaſe at B. 

39. If we put the Diminution of Gravity at the Equa- 
tor = 10000, then will the Gravities at the Equator, 
London, and the Pole, be as the Numbers 22 
2290124, 23300000 ; therefore the Lengths of Pendu- 
lums vibrating Seconds in each of thoſe Places will be 
in the ſame Proportion (by Annet. XXVIII. 13.) But 


2296124 : 2290000 : : 30, 2: 59,1 = Inches of a Second 


Pendulum under the Equator, the ſam? ncarly as found 
by Obſervation, 


Vo 1. I. | L. 40. Since 


„and draw GD 
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40. Since in the elliptic Meridian EN Qs, the Cut- 
vature at E, Q, is much greater than that at N, 8; 
the Radius of Curvature (ſuppoſe Eb) in the former 
will be ſhorter than that in the latter 1 Sd; 
and therefore if at the Equator the Angle Ea, or the 
Arch Ea, be equal to one Degree, the Angle of one De- 
gree Sdc at the Pole S will contain a greater Arch cS, 
as is evident from the Diagram. Whence it appears 
that in this ſpheroidical Figure of the Earth, the De- 
grees increaſe from the Equator to the Pole; ſo that if 
in the Equator a Degree conſiſts of 60 Miles, in the 
ſeveral Latitudes the Miles will be as below: £ 
Lat: d 10. 20. . 40. 5 60˙. 
Miles J 60. 5 67. 59,8 60,06. 
in 4 Deg. 60. 59,8. 59,87. 59,67. 59,8. $9,93- 60,06. 
Lat. 1o*. 805. 90“. E 
Miles 


0 6 Dee. | 60,16. 60,235. 60,26. 


| SCHOLIUM. 


What has been ſaid hitherto, has been upon Suppo- 
fition that the Earth is of an uniform Denſity through- 
out, but it is reaſonable to ſuppoſe (from the Earth's 
having been originally in a fluid State) that the heavieſt 
Matter ſubſided firſt, according to the Laws of Gravity 
and therefore that the Earth is more denſe and compact 
the nearer we go to the Center, whence it muſt follow, 
that as there is a greater Number of Particles, there will 
be, on the Whole, a greater Quantity of centrifugal 
Force in the Column EC, and confequently a greater 
Exceſs in its Altitude above that of NC, than was be- 
fore ſtated ; that is, EC will exceed NC more than 
in the Proportion of 230 to 229, which is alſo found 
to be ſtill more conſonantto Experiments. See farther 


on this Head my New Principles of GEOGRAPHY and 
NAVIGATION. 


Mrcnantnics. 


LECTURE. m. 


of the CenTeRs of Macnrtvvs, MorTton, 
and Gravity. The Mzrhop of finding 
' the CRN TER of Gravity in all Bopits. 
The PH&NOMENON' of the DovsLe Cont 
and CYLINDER. Of the Common CRN- 
TER of GRAVITY between tuo or more 
BopliEs; confidered between the EARTH 
and Moon, the SUN and PLANE TS. The 
FUNDAMENTAL PRINCIPLE . of MECHA= 
NICS demonſirated. The Jmpoſſibility of a 
PERPETUAL MoTionN. The NATURE and 
KinDs of LEVERS, BALANCES, PULLIEs, 
the Axis in PERITROCHIO, INCLINED 
PLAN R, WEDGE, and the Screw. 0/7 
FricTION and FRICTION-WHEELs. OF 
Comround MAchixks. The ThgroRY of 
CLock-Worx. A new OrrEry, Co- 
mMeTArIUM, Sc. Of | the Movement 
- Winp-Mitits, WaTEr-MiLLs, SHiPs, &c, 
Of tbe Maxima and MiNIMA in M- 
'CHANICs, The THEORY of WHEEL -CaR- 
 RIAGES- at large. 


1 AVING conſidered the Nature of 


every Kind of Motion, with the Pro- 
perties of each, we ſhould have come 


L 2 5 imme- 


2 


147 


bf 
1 


M ECHaANICS. 


immediately to treat of the MECHANICAL 
PowERS or. Machixks, but that ſomething 


ſtill remains to be premiſed thereto, relating 
to the Centers of Magnitude, of Motion, and 


of Gravity in Bodies. 


THE CenTER of Macyrtups 1s that 


Point which is equally diſtant from all the 


external Parts of the Body: And in Bodies 


that are uniform and homogeneal, it is the 


ſame with 

Tux CENTER of MoTion, which is that 
Point which remains at Reſt, while all the 
other Parts of the Body move above it: And 


this is. again the ſame in uniform Bodies, of 


the fame Matter throughout, as as 
Tux Center of Gpaviry, which i 
that Point about which all the Parts 7 a 


Body do in any Ry exactly balance each 


other. 


Tuts Crater Tc Gravity in Bodies is of 


the greateſt Conſequence to be well under- 


ſtood, as being the ſole Principle of all Me- 
chanical Motions. The particular Properties 


hereof are as follow. (1.) If a Body be ſuſ- 


pended by this Point, as the Center of Mo- 


tion, it will remain at Reſt in any Foſition 
| indifferently. (2.) If a Body be ſuſpendhd 
in any other Point, it can reſt only in two 


Po- 
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Poſitions, viz. when the ſaid Center of Gra- 
vity is exactly above or below the Point of 
Suſpenſion. (3.) When the Center of Gra- 
vity 1s ported, the whole Body is kept 
from falling. (4.) Becauſe this Point has a 
conſtant Endeavour to deſcend to the Center 
of the Earth; therefore, (5.) When this 
Point is at Liberty to deſcend, the whole 
Body muſt alſo deſcend. or fall, either by | flid- 


ing; rolling, or tumbling down. (6.) The 


Center of Gravity in regular, uniform, and 
homogeneal Bodies, as Squares, Circles, Spheres, 
&c. is the middle Point in a Line connecting 
any two oppoſite Points or Angles, (7.) In a 
Triangle it is in a Line drawn from any 
Angle biſecting the oppoſite Side, one Third 
of the Length diſtant from that Side or Baſe. 
(8.) It. is alſo one Third of the Side diſtant , 
from the Baſe of an hollow Cone. (.) But 
in a ſolid Cone it is one Fourth of the Side 
diſtant from the Baſe. (10.) In the human 


Body, the Center of Gravity is fituated in 


that Part which is called the Peſvis, or in the 
Middle between the Hips. 


Hincz the Solution of ſeveral very "= 


rious Phenomena will be evident with the 
leaſt Attention ; as why ſome Bodies ſank 
more firmly on their "Baſes than others; 

L 3 " *. oy 
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vhy ſome ſtand more firmly in an inclined 
Poſition; why ſome Bodies fall in one 
manner, ſome in another; why ſome may 
ſeem to riſe, while the Center of Gravity 
really deſcends, as the rolling Cong, and Cx- 
LINDER, Hence the Form of that particular 
Bucket which deſcends empty with the Mouth 
downwards, but is drawn up full with the 
Mouth upwards. Hence alſo it appears that 
a Waggon loaded with heavy Matter, as Iron, 
Stone, Sc. will go ſafely on the Side of a Hill 
or riſing Ground, where a Load of Hay or 
Corn would be overturn'd. Again, we hence 
ſee the Reaſon why no Man, ſtanding ſtill, 
can move or ſtir, without firſt moving the 
Center of Gravity out of its Place ; alſo, why 
we ſtand firmly, while the Center ' of Gravity 
falls between, or on the Baſe Line of the Feet; 
and - how neceſſarily we fall, when the Center 
of Gravity falls on' one Side or other of 
the ſame: With many other Particulars, 
which naturally reſult from this Principle 


(XXXV). 


 (XXXV) 7. That the Center of Magnitude, of 
Motion, and of Gravity is the ſame Point C in regular 
and homogeneous Bodies, as the circular Area, or Square 
AB DE, is evident; becauſe any Right Line as AD 
drawn through the faid Point and terminated by the 
Peripheries of thoſe Bodies, has an equal Number af 
* on each Side; therefore the ſaid Point is Cen- 
r of Magnitude and Gravity, and conſequently of 
uniform Motion in every ſuch Line, and therefore gf 
the whole Area, which is made up of them. f 
5 1 27 Bye 
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I two or more Bodies in Motion be con», 


nected together, as Chain-Sbot, &c. or any 
Ei how 


2. But if a Body be not homogeneous, but conſiſts of 
different Matter in different Parts, the Center of Mag- 
nitude C will not be the Center of Gravity; thus ſup- 
poſe ABF a circular Piece of Wood with a round Piece 
of Lead e / in one Side of it; this Lead will remove the 
Center of Gravity from C to ſome other Point D in the 
Diameter paſſing through the Centers C and g; and this 
Center of Gravity D will of Courſe be alſo the Center 
of Motion and Reſt, for on no other Point can a Body 
reſt but that on which it is equilibrated, ſince Reſt is 
only the Reſult of an Equilibrium of the Parts. 
3. If the Center of Gravity be ſupported, the Body 
will be ſupported likewiſe; for ſince the Power of 
every Particle to deſcend 1s there referred, and all unite 
in one; if that one Point be upheld, all the reſt muſt, 


as having a mutual Dependence thereon by a neceſſary 


Connection of Parts. | | | 
4. If a Body be ſuſpended on any other Point C, 
than the Center of Gravity D, it will deſcend in every 
Poſition but two, vi. when the Center of Gravity is 
in E · above, or in D below the Point of Suſpenſion C, 
becauſe in two Caſes it gravitates on a fixed Point, 
which ſuſpends the Body, and therefore upholds it ; but 
in all other Caſes it has Liberty to deſcend, and there- 
fore will carry the Body down, till it comes to reſt in D. 
5. If the Center of Gravity C in the Body AB DE 
8 on the Baſe AE in the Perpendicular CF, that 
| Body will ſtand firm, and ſo much the more ſo, as the 
Point F falls nearer the middle Point between A and 
F; for fince, were the Body to move, the Point or 
Angle E would be the Center of Motion, it follows, 
that in that Caſe the Center of Gravity C muſt riſe in 
the Arch of a Circle from C to G, which it cannot do 
without ſome extraneous Force; and therefore, when 
left to itſelf, the Body muſt ſtand firm. 
6. But in the Body of the next Figure, becauſe the 
Line CF, in which it gravitates, falls off from the 
a; L 4 Baſe 


PI. VII, 


Fig. 1,8 * 


———ů—— ů — I. ee — 


vity of the Triangle will 
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how depend on each other, they will have 


a Common Center of Gravity, which will be a 


Point - 


Baſe AE, the Center of Gravity C will be free to de- 
ſcend, as not being ſupported, and conſequently the 
Body muſt fall. | | 

7. If a Body ABDE, laid on an inclined Plane XY, 
gravitates in the Direction CI, within the Baſe AE, 
that Body will move down the Plane (by Annot. 
XXVII. 1.) but it cannot move over the angular Point 
A (by 5th of this) it muſt therefore deſcend by Siding 
down the Plane. If the Baſe A E, had been ſo ſm 
that the Point F had fallen off it, it would have turned 
on the Point A in its Motion, and ſo have tambled 
down the Plane. But if the Baſes AE be ſuppoſed in- 
finitely ſmall, or a Point, the falling from one Point to 
another, will be ſo momentaneous, that the Body 
(which then becomes a Circle or Sphere) will deſcend 
by rolling doton the Plane. 

8. To find the Center of Gravity of a Line, has been 
ſhewn (Annot. XXIX. 2.) To find that of a Super- 
ficies, as of a Triangle, Parabola, &c. this is the Me- 
thod. Let AG bile the Baſe AC of the Triangle 


ARC, it will alſo biſe& every other Line DE drawn 


parallel to the Baſe ; conſequently the Center of Gra- 

4 found ſomewhere in the 
Line BG. The Area of the Triangle may be conſi- 
dered, as confiſting of an iufinite Number of indefi- 
nitely ſmall Parallelograms DE ag D, each of which is 


to be conſidered as a ſmall Weight, and alſo as the 


Fluxion of the Area of the Triangle, and ſo may be 


- expreſſed by 2 y &, (putting BF &, and FE =y;) if 


this fluxionary Weight be multiplied by its Velocity æ, 
we ſhall have 2 y x & for its Momentum. 
9. Now put BG S a, and AC=6; then BG (a): 


AC (b) 22 BF (s): DE wt = 2 y; therefore the 


Flyxion of the Weights 2 y + = = - anda Fluzion 


of 


us 3 of 


J ß = Ota 


* 
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Point in the Line joining the Centers, ſo 
ſituated, that its Diſtance from "the ſaid 


Centers 


b * * * 


of the Momenta 2 yxx = p „ whence the Fluent 


es 
of the latter, viz. = divided by the Fluent of the 


2 


former, vi. =, will give — for the Diſtance of | 


3 1 
the Point from B in the Line B F, which has a Velo- 
city equal to the mean Velocity of all the Particles in 


the Triangle DBE, and is therefore its Center of Gra- 
vity. Conſegnentiy #he Center of Gravity of any Triangle 


ABC, is diftant from the Vertex B. BG a right Line 


drawn from the Angle B biſecting the Baſe A "> | 
10. And fince the Section of a ſuperficial or hollow 


Cone is a Triangle, and Circles have the ſame Ratio as 
their Diameters, it follows that the Circle whoſe Plane 


| paſſes through the Center of Gravity of the Cone is 2 of the 


Length of the Side diſlant from the Vertex 4 the 2 one. 
11. But in a hid Cone, which conſiſts of an infinite 
Number of circular Areas, which therefore may be 
conſidered as ſo many Weights, the Center of Gravity 
may be found as before, by putting BE x, BG a; 
the circular Area DFE =y, and AGC=56; and 
from the Nature of the Come, „ 
. but & y = 2 Fluxion of the Weights; and 
a a* | 
x ps” K ; 
* = 2 Fluxion of the Momenta, whence 


b x* 
4 a 


the Fluent of the latter, vi. divided by the Fluent 


3 


| b Re” 
of the former — will give à x of the Center of Gra- 


vity of the Part DBE F; conſequently the Center of Gra- 
vity of the Cone ABCG is diftant from the Verte# By 
2 of the Side BG, in a Circle parallel to the Baſe. 


12, If ABCD be a regular Superficies, and ABEF 


another 


Fig, 6, 
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Pl. VII. 
Fig. 8. 


Centers will be reciprocally as the Quantity of 
Matter in each Boch. e 
* WHENCE, 
another ſimilar thereto, their Difference will be FECD; 
and the Centers of Gravity of each will be in the Points 
H, G, I, as is evident from what has been ſhewn, Now 
(from Euclid's Elements) we have FECD to ABEF 
as the Triangle FBD to the Triangle ACF; but FBD 
W AQCF-:: FD: AF:: GH: HI; wherefore if 
any two regular and ſimilar Superficies or Solids toge- 
ther with their Centers of Gravity G, H, are given, the 
Center of Gravity I of their Difference will be given 
alſo by the above Analogy. This in many Mechanical 
Affairs will prove of very conſiderable Uſe. 
13. Thus for Example, ſuppoſe ABCG and BDEF 
were two ſimilar Cones, and their Centers of Gravity, 
when hollow or ſuperticial, were c and a; but when 
ſolid, d and 6; if then we ſuppoſe the Cone DBEF 
cut off from the Cone A BCG, there will remain the 
Difference ADECG, whoſe Centers of Gravity, when 
hollow and when ſolid, may be found as above ; which 
let be in the Circles e if and g kh, at i and . If 
now the truncated Part were made into a Bucket by 
fixing in a thin Bottom at A C, and ſuſpending it move- 


able in a Handle by Pins fixed between the ſaid Circles 


ei F and g h, on each Side, it is evident ſuch a Bucket 


when empty muſt hang with its mouth downwards; 


and when full of Water, with the Mouth upwards; thus 
may ſuch a Bucket be applicable to divers Uſes, as be- 
ing capable of filling, and emptying, and moving itſelf 
in different Forms, as the Bottom is fixed in the wide 
or narrow End. 7 
14. The Center of Gravity of a Parabola ABC, is 
found as in the Triangle and Cone; thus let BF = x, 
DE=y; then will y x be the Fluxionary Weight, 
and y x x the Fluxion of the Momenta; but from the 


Nature of the Curve we have y = , whence y x = 
7 2 x, and y * * = of x x, Whoſe Fluent + of divided 
by 3 at (the Fluent of 23) will give + x = BP for 


the 
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WuHENCE, ſince the Earth and Moon 
are to each other as about 40 to 1, and 
. the 


the Diſtance of the Center of Gravity from the Vertex 
B in the Part DBE; and ſa+of BG is the Point in 
the Axis of the whole Parabola A B C, from the Ver- 
tex B. | | 

15. The Phznomenon of the double Cone is eaſily Fig, . 
accounted for, from what we have ſaid of the Center 
of Gravity. For let ABD be the common Baſe of 
the two Cones, its Center C will be the Center of Gra- 
vity of the Whole; therefore if DF be the Leg of a 
Ruler elevated to an Angle FD G, whoſe Sine FG is 
leſs than the Semidiameter of the Cone C D, it is plain 
the Center of Gravity C at the Poſition of the Cone in 
D is more diſtant from tlie Center of the Earth than in 
its Poſition between the Legs of the Ruler at F; and 
therefore it will deſcend (as on an inclined Plane CFE) 
from G to.F, where it will ſtop, as being ſupported on 
the Ends of the Ruler. | 

16. Let AB E D repreſent a Section of a Cylinder of Fig. 10. 
Wood bias'd on one Side with a cylindric Piece of 
Lead as B, this will bring the Center of Gravity out of 
the Center of Magnitude C to ſome Point G between 
C and B; let FH be an inclined Plane, whoſe Baſe is 
FL. It is evident the Cylinder laid upon the Plane 
will no where reſt þut there, where a perpendicular to 
the Horizon F L paſſes through the Center of Gravity 
G, and that Point of the Plane E in which the Cylinder 
touches it; and this in all Angles of Inclination of the 
Plane leſs than that whoſe Sine is equal to CG (the 
Radius being C D) will be in two Situations AB E D 
and abed, becauſe when the Cylinder moves, the Center 
of Gravity deſcribing a Circle round the Center of Mag- 
nitude Q, this Circle will meet the Perpendicular in 
two Points G and g, in each of, which the Center of 
Gravity being ſupported the Cylinder will reſt. There- 
fore the Cylinder moves from E to e by the Deſcent of 
the Center of Gravity from G to g, in the Arch of the | 


Cycloid G þ g. 
17. If 
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the Diſtance of the Moon 60 Semidiame- 


ters of the Earth, the Diſtance of the 
common 


17. If the Cylinder ABE D inſiſting on the hori- 
zontal Line E L in the Point E, has the Center of 
Gravity G in the horizontal Diameter DB, it will 

avitate in the Perpendicular Ge; if therefore a Plane 

H touch the Cylinder in the Point e, it is plain the 
Cylinder cannot either aſcend or deſcend on ſuch a 
Plane; becauſe G in any Situation between e and H, 
or e and F, it will gravitate to the Left or Right from 
the Point in which the Cylinder touches the Plane, and 


ſo will in either Caſe bring it back to the Point e. 


Fig. 12, 


the Baſe Line of the Feet; and jt by the artful adjuſt- 


18. In this Caſe the Angle of the Plane's Inclination 
HFL is equal to the Angle EC e or CeG, becauſe 
EL and FH are Tangents to the Cylinder in the 
Points E and e, and conſequently the Angles E C e+ 
EF e = two Right Petra +: +HFL; there- 
fore EC e HFL. Hence it follows, that a Cylin- 


der cannot aſcend on a Plane whoſe Inclination is greater 


than the Angle E Ce, but on a Plane of leſs Inclination 
it _ and, there is a certain Inclination of the Plane 
on which the Aſcent will be a Maximum, but it is not 
worth while to infiſt farther on ſo uſeleſs a Subject. 

19. If DLME and F PQO repreſent two Wag- 
gons loaded, the former with heavy Matter, as Tron, 
Stone, &c. which lies low, and the latter with a light 
Subſtance that riſes high, both on the Side of an Hill 
AB; it is evident the Center of Gravity of the Load 
LM, acting in the Direction RI, which falls between 
the Wheels DE will keep the Waggon firm on the 
Side of the Hill, by (Art. 5.) But in the other Load 
N PQO, where the Center of Gravity K riſes ſo high 
above the Bottom of the Waggon, it muſt, act in a 
Dire&ion K H, which falling without the Baſe Line 
F G of the Wheels, muſt neceſſarily cauſe the Waggon 
to overturn. 

20. For the ſame Reaſon a Man muſt fall when the 
Center of Gravity acts in a Direction falling without 


ing 
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common Center of Gravity of the Earth 
and Moon will be found about 1854 Miles 


from the Earth's Surface; and it is this 


common Center of Gravity that deſcribes 
the Annual Orbit about the Sun, and not 
the Earth itſelf, as is commonly ſaid and 
thought. 

In like manner there is a common Center 
of Gravity of the Sun and all the Planets 
which circulate about him; and were they 
all placed in a Right Line on one Side the 
Sun, then would the common Center of Gra- 
vity of the whole Syſtem be diſtant from the 
Sun's Surface erght Tenths of his Semidi- 


ameter : And it is about this common Center 
of Gravity, and not about the Sun, that not 
only all the Planets, but even the Sun itſelf, 


do conſtantly move (XXXVI). 
Tas 


ing of this Point oyer the Rope that People can walk 
or fly thereon ; and that Tumblers and Equilibriſts per- 
form ſuch Wonders. In fine, it is this ſingle Principle 
that regulates every Kind of Motion, both Animal and 
Mechanical, and to which we are naturally prone to 
have a much ſtricter Regard than we commonly think 
of; as would be evident were we nicely to conſider 
the Gait, Poſture, and Configuration of the Body un- 
der the various Modes of Acting, viz. of Malling, 
Sitting, Riding, Stooping, Carrying, Lifting, Drawing, 
Puſhing, Reaching, Striking, Throwing, &c. and the 
8 Manner in which Artiſts fix a Wind- mill, 
rane, or any ſuch like Machine. 


(XXXV1) 


1357 


1. If two Bodies A and B be connected Pl. VII. 


together, by a Wire or Chain A B, they will 9 of Fig. 13. 
them 
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(by the ſame Power of Attraction) the Earth and Moon 
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Tun common Center of Gravity of any 
Number of Bodies being ſupported, none 

F 4 | 4 25-48 a $13.3 | of 
them affect the other by "gs ravitating on the Line 
AB; and alſo every Particle of that Line will be af- 
fected with thoſe Gravities, or. be carried downiwwards, 


but with an unequal Force, except one, on which the 
Force of each Body is equal; and fince we ſhewed the 


Force of any Body A or B ariſes from its Quantity of 


Matter multiplied into its Velocity, it is evident, that 
one Particle muſt- be ſo ſituated at C, that B: A 
(: : VN) :: AC: BC. Becauſe then we have 
BxV=AxXov=BxXAC=A x BC, Or the Pro- 
duct of each Body into its Velocity is the ſame at the 
Point C, but no other, | 

2. The Point C is therefore called the common Center 
of Gravity of both the Bodies. If the Diſtance be- 
tween the Centers of the Bodies be given, and the Mag- 


nitude of each, the Diſtance of the Point C from either 


may be thus found; as BA: B:: AC+BC(=AB) 
: AC. Let A repreſent the Earth, and B the Moon; 
then will A:B::40: 1, nearly; and ſince AB = 
60 Semidiameters of tlie Earth; we have 4o=1: x :: 
60 

60: — = AC; and ſince a Semidiameter contains 


41 
60 x 4000 


about 4000 Miles, we have — = sel 


| 8 
from whence taking one Semidiameter A G = 4000, 
there will remain G C=1584 Miles, for the Diſtance 
of the Point C from the Earth's Surface. 
3. Since the Earth and Moon act on each other by 
Attraction, it is evident they muſt both revolve about 
the common Center of Gravity C; whence this Point 
C, and not the Center of the Earth A, is that which the 
Moon regards in her periodical Revolutions, and were 
there no other Bodies in the Heavens but the Earth and 
Moon, this common Center of Gravity C would be at 
reſt, or a fixed Point. 


4. But ſince the large Body of the Sun commands 


* 


to 
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of thoſe Bodies can fall; which is the Rea- 
ſon of many very ſurprifing Appearances 


in 


to revolve about itſelf, it will follow that the Point C is 
that which muſt deſcribe the Circle (or Orbis Magnus) 
about the Sun; becauſe no other Point between A and 
B can keep always at the ſame Diſtance from the Sun, 
on account of the mutual Revolutions of thoſe Bodies 
about that Point at the ſame Time they are carried about 
the Sun. | 
5, But to illuſtrate this Matter further, let S be the 
Sun, and CDE F a Part of the annual Orbit; A and 
B the Earth and Moon in her Conjunction at C, in her 
Quadrature at D, in her Oppoſition at E, and in her 
laſt Quarter at F; during all theſe Motions from C to 
Farth and Moon will deſcribe 
Curves of the Cyclo;d Kind, every where concave to the 
Sun; and though this may appear a Paradox, yet it is 


capable of a Geometrical Demonſtration, and may be 


alſo ſhewn by Experiment, In the common Aſtrono- 
mical Tables, the Center of the Earth is ſuppoſed to de- 
ſcribe the Orbis Magnus, and the Place and Diſtance of 
the Sun or Earth is computed accordingly ; but theſe 
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Pl. VII. 
Fig. 14. 


will be different from the true ones, which muſt be com- 


puted from the Circle which the Earth does monthly 
deſcribe about the common Center of Gravity; and this 
Difference is called the MEnsTRUAL PARALLAx. 

6. The Point C is that in which the Force of each 
Body A, and B, is exerted; and therefore every Action 
of that Point is the ſame as it would be if both the Bo- 
dies were there united in one; thus if A and B were 
two Chain-Shots, the Point C in the Chain, and no 
other, would ſtrike an Obſtacle with the greateſt Force, 
or that of a Body equal to the Sum of A and B. 

7. If therefore a Wire be inſerted in the Point C, 
and at the other End any Body D were affixed, the 
common Center of Gravity of all the three Bodies A, 
B, and D, may be found as before; for let the Body 
C SATZ; chen will CAD: D:: CD: CE; or 
AT BTD: D:: CD: CE; and thus E will be 
the Point ſought, And in the ſame Manner the com- 

mon 


Fig. 13 


- 
2 7 V * — 3 4 1 = 


Juſpenaing a Bucket of Water at the. 


in Nature, as that: common Experiment of 
End of 
a Stick 


mon Center of Gravity in a Syſtem of any Number of 


16. 


Bodies may be found. 
8. Hence the common 


* 


8 Center of Gravity of the Sun 
and Planets may be eaſily found by comparing their 
Quantities of Matter and Diſtances ; thus let A BC 
repreſent the Sun's Body, and S its Center. Now fince 


the Bulks and Diſtances of the four firſt Planets, 'Mer- 


cur. Venus, the Earth and Mars, are very inconſider- 


ſider Saturn 
though his 


Fig. 13. 


able in regard of the Sun, they would not (if placed 
in the right Line CG) remove the common Center of 
Gravity between the Sun and themſelves far from the 
Center of the Sun, ſuppoſe to L. But when we come to 
Jupiter, his Bulk and Diſtance give him a conſiderable 
MAamentum, which will (if placed in the ſame Line C G) 
remoyse the Center of Gravity from L to I, a Point with- 
qut the Surface of the Sun's Body. Laſtly, if we con- 
laced in the: Line CG, with all the reſt; 
vantity of Matter falls ſhort of, yet his 


Diſtance far exceeds that of Jupiter, and therefore his 


Momentum will be conſiderable enough to bring the com- 


mon Center of Gravity from I to K, at ſuch a Diſtance 
CK from the Sun's Surface as is equal to 45; of the Sun's 
Semidiameter SC; or SC: CK :: 10:8. Now it is 
this Point K which is the fixed and immoveable Center 
of the Syſtem, about which the Sun, as well ag all the 
Planets, continually move. But the Sun being always 
very near it, and its Diſtance therefrom varying with 
the different Poſitions of the Planets, the Motion of the 
Sun about this common Center K will be very irregular 
and unequal ; while that of the Planets, on account of 
their great Diſtance, may be eſteemed nearly uniform 
and circular. {1 

9. If the two Bodies A and B move to or from each 
other in the ſame right Line AB, with Velocities pro- 


portional to jeir Quantities of Matter inverſely, the com- 


mon Center of Gravity C will remain at Reſt, becauſe 


their Diſtances from it will by that Means be always in 
the ſame Ratio, viz, of their Maſſes inverſely, which 
5 | 18 
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a Stick off the Table without falling ; the Toy 
of the Man a ſawing, ; cc. | | 

W have now premiſed every Thing ne- | 
ceflary for underſtanding the Nature of thoſe | | 
Inſtruments which are commonly called M- 
CHANICAL Powers or MAcHinss: They 
are ſix in Number, as follow, viz. The Le- 
ver, the Pulley, the Wheel, and Axle, the 
Inclined Plane, the Wedge, and the Screw. 
They are call'd Mechanical Powers, becauſe 
they increaſe our Power of moving or raifing 
heavy Bodies, which are often unmanageable. 
by any natural human Strength, not thus aſ- 
ſiſted ; and of two or more of theſe all other 
compound Inſtruments and Machines are con- 
trived and compoſed. 

I. A LEVER is any inflexible Line, 
Rod, or Beam, moveable about or upon a 
lix'd Point, (call'd the Prop or Fulcrum); 
upon one End of which is the Weight to 
be raiſed, at the other End 1s the Power 
applied to raiſe it, as the Hand, c. Since 
(as we haye before proved) the Momentums 

Vol. I. M ws A 


is the only Thing that makes that Point the Center of 
Gravity between them. But if both Bodies were to 
move in two different Planes, either in the ſame or 
different Dire&ions, the Center of Gravity C would 
deſcribe a Right Line, and with a Velocity of the ſame 
Sort as that with which the Bodies themſelves do move. 
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F the Weaght, and Power, are as the Juan- 
tities of Matter in each multiplied by their { 
 reſpeftrve Celerities; and the Celerities are as p 
the Diſtances from the Center of Motion, and I 
alſo as 'the Spaces paſs'd through in a perpen- a 
dicular Direction in the ſame Time; it muſt fol- I 
low, that there will be an Equilibrium between " 
the Weight and Power, when they are to each F 
orber reciprocally as the Diſtances from the Cen- E 
ter, or as the Celerities of the Motions, or as p 
| the; perpendicular Aſcent or Deſcent in the ſame 
Time; and this univerſally in all Mechanical 
Powers whatſoever, which is therefore the /un- . 
-damental Principle of all Mechanics (XXXVII). : 
. 0 Q 
| ar 
(XXXVII) 1. The Nature of this Propoſition being th 
not underſtood by Smatterers in Mechanics, gave them G 
Occaſion to imagine the Poſſibility of a Perpetual Motion in 
from one Part of it, which they did not ſee was utterly m 
| impoſſible from another Part of it. 8 co 
PI VIII. 2. That Part which ſeem'd to promiſe the Poſſibility Pe 
Pig. 1. thereof, was this, viz. That the Momenta of equal Bo- m. 
|  -ajes. were as their Diflances ou the Center of Motion. ha 
Hence, ſay the Perpetual-Motion-Men, if a Wheel fre 
were conſtructed of the Form of that in the Figure WI 


ABCD, with circular Cells going from the inner Part 
EFGH to the outer, containing equal Balls C, D, far 
E, F, then upon turning the Wheel, they muſt move Be 


towards the Center N on one Part, as the Ball E, and De 
from it on the onus Part, as the Ball C; and by this Sit 
Means the: Ball C will have a greater Momentum than by 


the Ball F, and ſo will determine the Wheel to move WI 
round; and ſince this muſt be the Caſe of all the Balls ri 
E and C that come into the Situation E, C, the 1 th 
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To illuſtrate this, let AB be the Lever Pl. v. 


ſuppoſed without Weight, and F its Ful- 


cram or Prop; let W be a Weight ſuſ- 


pended from the End A, and P the Power 
applied to the other End B. Then let the 


Lever be moved into the Situation C D, 
*tis evident the Velocities of the Points 
A and B will be as the Arches AC and 


B D deſcribed in the ſame Time: Alſo the 


perpendicular Diſtances, through which the 


Ma Weight 


muſt neceſſarily move continually, becauſe it will con- 


tinually bring two Balls into that Situation. 


3. Tis true, were there but two Balls E and C, the 
Ball C would by this Contrivance move the Wheel one 


Quarter round, viz. while it deſcended from C to D; 
and by this Means would raiſe the Ball E to F; and 
there they will abide in the Situation D F; but, ſay the 
Gentlemen of this Perſuaſion, two other Balls ſucceed- 
ing to the Places E and C, will ſtill keep the Wheel 


moving. Ves, ſo they would, if the Balls at D and E 


could be taken away the Moment they come into that 
Poſition, not elſe; for the Balls C and E, in order to 


move the Wheel, muſt move the Balls D and F, which 
have equal Momenta, (as being at the ſame Diſtance each 


from the Center, as are the other two reſpectively) 


which is abſurd by the general Propoſition. 

4. The Abſurdity of a Perpetual Motion will ſtill 
farther appear, if we conſider, that the Momenta of 
Bodies are always proportioned to the perpendicular 
Neſcent or Aſcent to or from the'Center of the Earth. 
Since, therefore, in the Wheel, the Bodies are all equal 
by Suppoſition, and the perpendicular Spaces through 
which they deſcend and aſcend below and above the Ho- 
rizontal Line or Diameter AC, are equal; it follows, 
that an Equilibrium muſt neceſſarily enſue. Thus ſo 


far is this Wheel from producing a Perpetual Motion, 


that 1t admits of nane at all. 


Fig. . 
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| Weight W and Power P move in the ſame 
Time, are CE and GD, which are as the 
Arches AC and BD; and theſe are as the 
'Radu CF and DF, which are equal to AF 
and BF. Therefore in order to produce an 
Eguilibrium, it muſt be W x AC SP * 
BD, or Wx CES P DG, or W 
AF—=PxBF: Conſequently, P: W:: 
AC: BD :: CEB: DG:: AF: BF. Note, 
that in eſtimating the Effects of Machines, we 
regard only the Diſtances of the Power or 
. Weight which are perpendicular to the Lines of 
Direction in which thoſe Powers aft, as F B, 
or F M, which are perpendicular to the Di- 
rections PB and LM. | 
TE Lever is of five Kinds. (I.) The 
common Sort, where the Prop is between the 
Weight and the Power, but neareſt the for- 
; mer. (2.) When the Prop is at one End, | 
\ x | the Power- applied at the other, and the | 
Wiz Weight between both. (3.) When the Prop 
is at one End, the Weight at the other, and 
| 


the Power applied between both. (4.) The 
bended Lever, which difters only in Form 
from the firſt Sort. (5.) When the Prop 
is placed at an equal Diſtance between the 


Weight and the Power, and this is com- I: 
monly call'd | 
| TR BALANCE, whoſe Uſe is, with a { 
3 Pair of Scales, to bring one Body to an 
. equal 
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equal Weight with another that is a Stand- 
ard. The Proportional Balance is without 
Scales, and is uſed for diſcovering or aſſigu- 
ing any Proportion of Weight in Bodies. 
The Falſe Balance makes Bodies of unequal 

vantities of Matter appear to have equal 
Weight. Laſtly, the Statera, or Roman Ba- 
lance, commonly called the Szeelyard, is a 
moſt uſeful Kind of univerſal Balance, the 
Structure and Uſe whereof will be eaſy to un- 
derſtand from the above Principles. 

II. Tus PULLEY is an loſtrument 
well known; if ſingle, it is reduced to the 
Lever of the fifth Sort, or Balance, and ſo 


affords no Advantage in raiſing Weights, 
If two or more be combined together in the 


common Way, Then the Power is to the 
Weight as Unity to the Number of Ropes which 
goes to the Pulleys of the lower Box. But 
there are different Ways of applying Pulleys, 
whoſe Advantage or Power will be obvious 
from a View of the Structure of the ſeve- 
ral Sorts of Tackles, and the Experiments 

with them. | 5 
III. Tug WHEEL and AXLE (com- 
monly call'd the Axis in Peritrochio) is the 
third Mechanical Power. We eafily ſee by 
its Make it is reducible to a Lever of the 
firſt Sort; and that therefore the Power 7s 
M 3 IC 
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to the Weight, as the Diameter of the Aile 10 


the Diameter of the Wheel, in an Equilibrium 
in this Machine. 


IV. Tzs INCLINED PLANE is 
the fourth Mechanical Power, and from a 
due Conſideration of it, it will appear, that, 
for an Equilibrium, the Power muſt be to 


the Weight, as the Height of the Plane to the 


Length. | | 

V. Tux WEDGE is only a double In- 
clined Plane, intended to ſeparate the Parts 
of Wood, Sc. which ſtrongly cohere toge- 
ther; whence, in the common Form of it, 
the Power will be to the Refiſtance to be over- 
come, as half the Thickneſs of the Wedge to 
the Length thereof. 
VI. Tues SCREW is the laſt-mention'd 
Mechanical Power, whoſe Uſe is both for 
Preſſure and raiſing of Weights, but chiefly 
the former. The Power is to the Weight, 


as the Velocity of the Weight to the Velocity of 


the Power, that is, as the Diſtance between 
two Threads of the Screw to the Circumfe- 
rence of a Circle deſcribed by the Power 
(XXXVIII). 


WE 


[(XXXVIII) 1. Notwithſtanding the Demonſtration 
of the Fundamental Principle of Mechanics, as deliver'd 
in the Lectures, is moſt natural and perſpicuous, and 
eaſily reſults from what has been ſaid ef the Momentum 

| ot 
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We have here conſidered the Action or 
Effect of each of theſe Machines, as they 
would 


of Bodies and their common Center of Gravity: Yet as 
Sir {/ſaac Newton has demonſtrated the ſame Thing in a 
different and moſt extenſive Manner, which alſo is the 
Conſequence of a different Principle, viz. the Compo- 
ſition and Reſolution of Forces and Ratios, it will be pro- 
per to exhibit and explain that alſo, which 1s as follows, 
2. Suppoſe two Weights A, P, appended by the 
Strings MA, N P, at the Ends of unequal Radii O M, 
ON, iſſuing from the Center O of any Wheel, in a 
State of Equilibrium; thoſe Weights will be to each 
other reciprocally as OL to OK, that is, A: P:: OL 
:O K, or as the neareſt Diſtances of their Lines of 
Direction from the Center reciprocally. 
3. For on the Center O with the Radius OL deſcribe 


pl. VIII. 
Fig. 2. 


an Arch cutting the Thread MA in D, and draw OD, 


which continue out to E, to which draw AE per- 
pendicular, and compleat the Parallelogram AE DC. 
Now fince K L paſſes through the Center O, and is 
perpendicular to each String in the Points K and L, 
by Suppofition ; it matters not whether the Body A 
and P be ſuſpended from the Points M and N, or K 
and L, or D and L, fince the Weight of the Bodies is 
the ſame in either of thoſe Points reſpectively. 

4. Therefore let AD expound the whole Force of 
the Weight of the Body A, and let it be reſolved into 
the two Forces DE and AE, of which the former 
drawing directly from the Center avails nothing in 
moving round the Wheel; but the other Part AE or 
C D, acting perpendicularly upon the End of the Ra- 
dius O D, has the ſame Force or produces the ſame 
Effect as if it had ated ee at the End of 
the equal Radius OL. 

5. Thererefore the Weight of P will be expreſs'd by 
DC (or A E) becauſe of the Equilibrium ; and hence 
the Weight of A is to that of Þ as ADto AE; and 
becauſe of the fimilar Triangles AED and D O K, 

M 4 | We 
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would anſwer to the ; Strictneſs of the 


Mathematical Theory, were there no ſuch 


thing 


we have AD:AE::DO (SLO): OR; therefore 
r | | 
6. If the Weight p, (equal to P) ſuſpended by the 


String N F. does at the ſame Time in part reſt upon the 
I 


inclined Plane p G; let p Q be drawn perpendicular to 
N, pH perpendicular to the Horizon, and HG thro' 
the Point N perpendicular to p G: Then will the Ten- 
fion of the String PN be to that of the String p N, as 

H to pN. For ſuppoſe the Body p wholly ſupported 

the two Planes p G, p Q, it will preſs them with its 
whole Force, which may be expreſs'd by p H, and 
which is refolvable into the two Forces HN and f $6 
of which the firſt preſſes the Plane pG, and the laſt the 
Plane pQ,; if therefore the Plane p Q be removed, 
the ſame Force will ſtretch the String p N ; but fince 
pP, the Force which P ſtretches the String PN is 
as pH; therefore the Tenſion of the String PN is to 
that of the String p N as pH to pN. 

7. Let the Force of p to move the Wheel (as ſup- 
ported on the Plane) be called x. Then P:x::pH 
: 2 e 
2 N; and fo P = —- (by 5th), 
whence we have this Equation, x x HHN O L= A 
x OK xþpN, therefore A: K:: HN OL: HN 
OK. But here it is to be obſerved that as the T 
PN is changed into the Poſition p N, its neareſt Diſ- 
tance OL will become O R, ſo that the Analogy be- 
tween A and x corrected will be A: «: p XOR: 
NN OK. | 

8. From what is demonſtrated it follows, (1.) That 
the Line KOL is a LREVXR, whoſe Power is always 
expreſs'd by the Ratio Sat (2.) That the Lines M 
OL, MON, DOL, are alſo Levers of equal Force, 
becauſe the neareſt Diſtance of their Lines of Direction 
from the Center O is the ſame in all. (3.) Whenever 
the Lever K L is moved, the Velocity of the _ 

an 
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thing as Friction or rubbing of Parts 
upon each other, by which Means one Third 
OE Part 


K and L, will be proportional to the Diſtances from 
the Center K/,O and OL. (4.) Therefore the Velo- 
cities alſo, and perpendicular Spaces paſs'd through by 
the Bodies A and P, will be proportional to the faid 
Diſtances from the Center. | 

9. Since P: A:: KO: LO; 'tis evident the Power 
P may be in any Proportion leſs than the Weight A, 
if its Diſtance from the Center of Motion OL be in 
the ſame Proportion greater than the Diſtance of the 
Weight K O, and yet its Force or Momentum ſhall be 
equal to that of the Weight A. Whence the Nature of 
a Lever for increaſing a Power ſufficiently a 8 
10. If the Diſtances from the Center OK = OL; 
then will the Lever become a common Balance, becauſe 
then, in order to an Equilibrium, the two Bodies A and 
P muſt have equal Weight. . | 

11. If - why 


Difference in the Weights A and P. Whence if OK 
*'OL::31:32::P: A; and therefore if A is an Aver- 
dupois Pound, P will want 4 an Ounce of it, and yet be 
in Equilibrio. Hence the Nature of a falſe Balance is 
evident; and in order to detect it we need only inter- 
change the Weights, for then, in order to an Equilt- 
brium, we muſt have KO:OL:: (31:32::) 32: 
33 Tr; but of this there wants 2 Ar half Ounces, which 
will render the Fraud very notorious. 

12. The Arms of a Balance being nicely equated in 


Weight and Length, and divided into an equal Number - 


of equal Parts, becomes the proportional Balance to be 
uſed without Scales. For any two Bodies hanging on 
the Arms of this Balance in Equzilibrio, will have the 
Proportion of their Weights expreſs'd by the Numbers 
at the Diviſions (whence they hang) alternately. : 
13. If AC the ſhorter Arm of a Balance be made 
equal in Weight to CE the longer Arm, by the Ad- 
dition of the Ball A, ſo that the whole Beam AE 
may 


rms of the Balance K O and OL. dif- 
fer but a very little in Length, there will be the ſame 


\ 


PLVIIL, 
Fig. 3. 
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Part of the Effect of the Machine is, at a 


Medium, deſtroy'd, as is evident by an Ex- 


periment 


may be nicely equipoifed on the Center of Motion C, 


Fig. 4. 


Fig. 5. 


it then becomes the Roman Statera or STEELYARD in 
common Uſe. For if B be taken as a fixed Point from 
whence to hang any Weight W, and P be any con- 


ſtant Weight, which by moving backwards and for- 


wards on the longer Arm CE, comes to a Point D of 
the Equilibrium; then will P: W:: CB: CD; but 
becauſe P and CB are given Quantities, or always the 
ſame, therefore W will always be as CD. Conſequently . 
if the Arm CE be divided into Parts each equal to 
CB, and numbered; the Number at which P hangs 
will always ſhew how many Times P is contained in W, 


and thence its Weight will be known. 


14. If ADB E be a Pulley, upon which hang the 
Weights P, W; then ſince the neareſt Diſtances of the 
Strings A W and BP, from the Center of Motion C, 
are AC and BC, the Pulley will be reduced to the 
Lever or Balance AB with reſpe& to its Power; and 
from thence it appears that ſince AC = RC, we ſhall 
always have P = W for an Equilibrium; and therefore 
no Advantage in raiſing a Weight, Sc. can be had from 
a ſingle Pulley. 

15. In a Combination of two Pullies AB and 
DFEG, the Power is doubled ; for the Pulley DFEG 
is reducible to the Lever E D, which muſt be conſidered 
as fixed in the Point E to the immoveable String HE ; 
and the Power acting at D is equal to P, and the Weight 
W is ſuſtained from the Center C of the Pulley, but 
P: W:: CE: DE; therefore ſince D E 2C E, it 
is W =2P, or PS AW. 

16. The Force of the PuLL1iEs may alſo be eaſily 
ſhewn by comparing the Velocities of the Power and 
Weight; for it is evident, if the Weight W be raiſed 
one Inch, each String HE, BD, will be ſhortened one 
Inch, and conſequently the String AP will be lengthen'd 
two Inches, and ſo P will paſs through twice the Space 
that W does, in the ſame Time, whence its hag 
- . W 


1 W 1 c 


periment of the inclined Plane. And far- 
ther, concerning Friction we are to ob- 


Times; and that of Fig. 7, will increaſe it fix Times. 


Pullies all together, none is equal to that in the Form 


thus the Rope EP will be lengthened fix Inches by 


ſo that the Power P goes through ſeven Inches while the 


upon the ſame Principle; for the Weight W hangin 
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ſerve, that it is not proportional to the 
Quantity 


will be twice as great, and therefore it will be equipol- 
lent to a Body W of twice its Weight. 

17. In the two other Forms of Pullies it is evident pi VIII. 
the Power P is to the Weight Was Unity or 1 to the Num- Fig.6, 7. 
ber of Ropes going to the lower Pullies, becauſe if the 
Weight be raiſed one Inch, each Rope belonging to the 
lower Pullies will be ſhortened one Inch, all which 
will go into the Rope to which the Power P is applied, 
which therefore muſt deſeend through ſo many Yachss 
in the ſame Time. Conſequently the Tackle of Pullies 
in the Form of Fig. 6, will increaſe the Power five 


18. In the Diſpoſition of Pullies according to Fig. 8, 
it is plain, fince each Pulley has a fixed Rope, it muſt 
be conſidered as a Lever of the ſecond Sort, and ſo will 
double the Power of the forogoing Pulley, and fo four 
Pullies will increaſe the Power fixteen Times. 


19. For the Force and conveniency of a Tackle of Fig. 9. 


Fig. J.-.-: 


of Fig. 9, where the uppermoſt Pulley is fixed, and 
each has a Rope annexed to the Weight; its Power is 
therefore thus eſtimated. When the Weight W is 
raiſed one Inch, the Rope AB will be lengthened as 
much, and ſo the Pulley C will deſcend one Inch, by 
which Means the Rope CD will be lengthened two 
Inches, and one by the Riſing of the Weight W; 
wherefore the Pulley E will deſcend three Inches; and 


that Means (viz. three on each Side) alſo the Riſing of 
the Weight will cauſe it to lengthen one Inch more ; 


Weight W riſes one; therefore P: W:: 1:7; and 
thus you proceed for any other Number. 
20. The WHEEL and AxLE is a Mechanical Power Fig. 10. 


5 
from the Axis A will be to the Power P, which keeps 
it in Equilibrio, inverſely as their Velocities ; but t 

Velocities 


, 


4 
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Velocities are as the Circumferences- of the Wheel and 
Axle; which again are as their Diameters or Semidi- 
ameters, that 1s, as their Diſtances from the Center of 
Motion, If the Spokes or Handles F, G, H, I, K, 
Sc. be added, the Power of the Machine is ſtill farther 


augmented in Proportion to their Lengths. 


21. That the IncLined PLANE is a Mechanical 
Power appears ſufficiently in its diminiſhing the Weight 
of a Body laid upon it in regard to the Power which 


Holds it in Equilibrio. Let A be a Body ſuſtained on 


the inclined Plane BD; from the Center C, draw C F 
perpendicular to the Horizon or Baſe DC, and CE 
perpendicular to the Plane, then C F will repreſent the 
whole Weight or Force of Gravity of the Body A, 


Which is reſolvable into the two Forces CE and EF; 
but the Force C E being perpendicular to the Plane acts 


I -prvil. 


Fig. 11, 


wholly upon it, and is equally re- acted on or ſuſtained 
by the Plane ; the other Force EF, being parallel to the 
Plane, is that by which the Body deſcends, or is kept 
from deſcending by an equal Power acting in a con- 
trary Direction. Therefore the whole . of the 
Body is to the Power which keeps it in Eguilibrio on the 
Plane as CF to FE, or (becauſe the Triangles CFE 
and BDC are fimilar) as BD to BC, that is, as the 
Length of the Plane to its Height, as was more par- 
ticularly ſhewn in Annot. XXVIII. 1, 2. 

22. The Power of the WEDGE ACBH is evident 
from its conſiſting of two equal inclined Planes A HC 
and BHC; as it is chiefly of uſe to ſeparate the ad- 
hering Parts of Wood; and fince the Power of Co- 
hefion in Wood is every where variable and uncertain, 
it is evident there can be no regular Calculation of the 
actual effect of the Wedge; but if we ſuppoſe the 
Power of Cohefion in the Wood ADEB to be uni- 
form, or to make every where an equal Reſiſtance to 
the Wedge ABC, dividing its Parts AF and BG; 
then the Power of the Wedge would be to the Reſiſtance 
of the Wood, as their Velocities inverſely, that is, as 
the Spaces moved through in the ſame Time, that is, as 
the Height of the Wedge HC to Half its Width AH. 
But the Wedge being only a double inclined Plane, is 
not really a different Mechanical Power, tho' uſually 
reckoned as ſuch, 
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23. In the SckxEw AB, ſuppoſe the Diſtance of the Pl. VIII. 
Spiral Threads ys of an Inch, and the Length of the Fig. 12. 
Lever F Gg 161 Inches, then will the Circles deſcribed 
by the Hand at F be = 16,5 x 6,3 = 103,9, or 104. 

Inches nearly, that is, 1040 Tenths of an Inch; whence - 
the Velocity of the Power 1s to that of the Weight, as 
1040 to 1; therefore the Screw is a great Mechanical 
Power, either for raiſing Weights, or Preſſure, even 
though we allow the greateſt Part for Friction; but it is 
properly a Compound Power conſiſting of the Lever and 
Inclined Plane; and therefore we can find but four fuck 
as we can properly call SIMPLE MECHANICAL POWERS. 


SCHOLIUM. 


24. Having treated of the Simple Pendulum in the 
preceding Lecture, and of the Nature of the Lever in 
this ; I ſhall here let the Reader ſee how nearly theſe 
two Inſtruments are allied, or rather ſhew him that the 
Lever is in reality nothing but a Compound Pendulum; 
from whence many Particulars concerning the Proper- 
ties of each; not hitherto mentioned, will occur worthy 
of Obſervation. | 

25. Let CD be a fine Rod or Wire (whoſe Weight pl. IX. 
is inconſiderable) and moveable about the Point C. If Fig. 1. 
A and B be two Bodies (of the ſame Kind) fixed at 
any Diſtance Ca, C on the Rod; and then the Rod 

rmitted to deſcend freely; the Bodies A and B will 
begin their Motions with Velocities proportional to Ca 
and C5, and ſo their reſpeQive Momenta will be A x 
Ca and B x C5, in the Points à and 6 (by Annot. 
XXXVIII.) | | 

26. Now if A: B:: mb:ma, then will A x a *r 
= B x bm; and conſequently the Point will be the 
common Center of Gravity between the Bodies A and 
B (by Annot. XXXV.) Wherefore ſince the Velocity 
of the Point m is as Cn, its Momentum will be as Cm Xx 


AFB; and from the Nature of the common Center 
of Gravity, we have AxCa+BxCbh =Cm x 


— AN Ca TBT CS 
ATB; and therefore B Ses; or 


by 


wi 
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by putting Ca=a, CB = b, and Cm 41 then 


Aa +B6b 


2 = d. Suppoſe the Moment the Rod CD 


began to deſcend, the Bodies A and B vere to be diſ- 


engaged from it in ſuch a Manner as to deſcend upon it 
freely ;| then will they deſcend (not in the Curves ap 
and 5 4, but) in the Tangents @ c and '6 d, deſcribing 
the Spaces ac, bd, which will be as the Inceptive Ve- 
locities Ca, C; and of courſe when the Rod comes 


into the Situation Cd, the Bodies will be at c and ; 


it being in this Caſe Ca: CG ::ac:bd::Cc:Ca. 
And mu will be the Line deſcribed by the common 
Center of Gravity. 

27. At c and d, let us ſuppoſe the Bodies again fix'd 
to the Rod, they will then conſtitute a Compound Pen- 


dulum, which will now vibrate forwards and backwards 


through the Angle 4 Cr, the Body. A deſcribing the 


Arch ces, and B the Arch 4fr, and the common 
Center of Gravity x» the Arch u J. As this Pendulum 


__.vibrates, the Velocities of the of will be every where 


as their Diſtances, and' greateſt of all in the perpendi- 
cular Situation Cef: Where the Velocities of the 
Points e, o, /, my {till be repreſented by a, d, and 5. 
28. Now this Compound Pendulum is iſochronous to 
(i. e. vibrates in the ſame Time with) ſome fimple Pen- 


dulum of a determinate Length PQ. If then in the 


Compound Pendulum C d there be taken Cx = PQ, the 
Point x is called the Center of Oſcillation in this Com- 
pound Pendulum ; for if the Bodies A and B were there 


'fixed, the Times of Vibration. would be the ſame 


then as now: To determine this Point therefore, is to 


determine the Time of Vibration in any Compound Pen- 


Moment the Bodies A and B come to the Points e and / 


dulum whatſoever. | 
29. In order to this; let us once more ſuppoſe the 


in the Perpendicular, they were diſengaged from the 
Rod, and were to aſcend at the End of a String ſepa- 
rately, with the Velocities they had acquired by their 
Deſcent in the Points e and y. Then the Altitudei 7 g 
and h; to which they will aſcend above the Horizon- 
tal Line ei and F %, will be as the Squares of the Ve- 

locities 
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locities at e and 7; that is, as aa and bb; as is evi- 
dent from what has been elſewhere ſhewn (Annotar. 
XXVI. 25 3.) | 

30. The Bodies A and B will in this Caſe arrive to 


the Points g and 5 before their Motion will be deſtroy'd. 


And it is plain that eg is leſs than ec or es, becauſe the 
Body A is retarded in coming from C to e by the 
Body B. Alſo Jh is greater than df or F r, becauſe B 
has its Motion quickened by the Body A. And as 
when in paſſing from d to /, the perpendicular Spaces 
deſcended through are as the Velocities ſingly, and the 
Momenta as the Velocities and Maſſes of Matter con- 
jointly ; ſo on the other Side, in paſſing from F and e 
to þ and g, the perpendicular Spaces aſcended through 
are as the Squares of the initial Velocities, the Momenta 
will be as. the Maſſes of Matter, and thoſe perpendt- 
cular Spaces conjointly; that is, as A aa and B 55. 

t. Now in all Cafes, the Sum of the Momenta di- 
vided by the Sum of the Maſſes gives a by ne ex- 


preſſing the Velocity, or Aſcent or Deſcent of the Center 


of Gravity, (See Art. 26.) Therefore . —— Bs 
= 4d = the Aſcent of the Center of Gravity; for the 
Momentum of this Center of Gravity is on both Sides 
the Perpendicular C/ the ſame at equal Diſtances, and 
therefore it will always aſcend or deſcend through the 
ſame perpendicular Heights. £ 
32. Having thus obtained the Expreſſion of the De- 
ſcent of the Center of Gravity, we have that for the 
Center x of Oſcillation of courſe, for we have As Cn: 
83 3 . Aa aT BUT Aaax+Bbbx _ 
11 FH 3 OY : of Þ * 48 = 
Deſcent of the Center of Oſcillation. But the Deſcent 
is equal to the Aſcent; for the Point æ is actuated and 


moved in the ſame Manner as the Body Q, which in 


one Oſcillation deſcends and aſcends through equal per- 
pendicular Spaces, and thoſe Spaces are always as the 
Squares of the Velocities in the loweſt Point; and there- 


fore for the Point x, it will be as C gx. Whence 


rern 5 
We A FE x x; and therefore 


A a.a 


275 


MEcnanNnics. 


Aaa+Bbb | 


1 SiS C, the Diſtance of the Center 


of Oſcillation from the Center of Motion. 


| : Aa + B 33 
33. Becauſe (in Art. 26,) we had 4 


it we ſubſtitute this Equivalent for à in the above Equa- 


: h 
tion, we have Ag Hf x; and therefore Aa« 


+ Bbb=Aax+Bbx. Hence Aa a - Aa = B 
—Bbx; and ſo Aa: BB:: 5 — r: ͤ«„— 4; that is, 
A* Cc: Bx Cd: xd: æ c. From whence it ap- 
pears, that the Momenta of the Bodies or their Power 
to move the Pendulum, are Hae ſel propartional to their 
Diſtance from this Center; which is the true Definition 
of the Center of Oſcillation. „ - 

34. Therefore when A: B:: 5: a, and ſo Aa g B; 
then alſo þ—x=x—a, or xd = xc; or the Center of 
Oſcillation would biſe& the Diſtance between the Bo- 
dies A and B. 2 

35. If a o, or the Body A be removed to the 


Center C, then Aaa=o, and Aa = o; whence x = 


— 


% 


b | 
_ = 6, that is, the Inſtrument then becomes a ſim- 


ple Pendulum Cd. | 
36. If the Bodies A and B are not placed both on 
one Rod, but on two Rods Cc and Cd, making an 


Angle c Ca, being united in the Ange 5 La theſe 
ame com- 


oſcillate in the fame Time with the fimple Pendulum 


7. If the Body A be ſuppoſed removed on the other 
side the Line E D, its Diſtance Cy = a, is now ne- 
gative, or it will be — 4 in the Equations _—— 
Centers ; tum I 22 


PQ, when CK PQ. 


TF and A2 
becauſe 


lation, - 
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becauſe =a'X'—a = aa. Hence in this Caſe *tis very 
obvious that the Compound Pendulum 18 now become a 
Lever, whoſe Fulcrum is the Point C; and A may be 
confidered as a Weight to be moved by the Power B. 
And hence becauſe when B is greater than A a, d will 
remain affirmative, therefore the Center of Gravity 
2 be in the Part Ca, and ſo will cauſe B to prepon- 
rate. 8 GIL 1 
38. On the contrary, if Aa be greater than Bb, then 
will à be negative, or the Center of Gravity z- will be 
in the Arm Cyr, and cauſe the Weight A to deſcend. 
But when Aa = Bb; then Aa+B5 = a, and d = 


TB = o, that is, u or the Center of Gravity will 


fall upon the Point C, and produce an Equilibrium: and 


A: B:: 1: 4: : Cd: Cr. As was before ſhewn to 
be the Property of the Lever, (See Aunot. XXXVIII). 
39. Thus alſo, with reſpe& to the Center of Oſcil- 


ee BI bee ad tote 
. ͤ pt 3 OE EO 


Equilibrium where Aa = Bb, we have x = — = 
= Infinite ; for fince the Lever in this Caſe has no 


Motion, it can only be iſochronous to a ſimple Pendu- 


lam of an infinite Length, whoſe Times of Vibration 
are infinitely great, and its Motions, of Courſe,"not 
ſenſible. on 1 

40. It is farther evident, that the Centers of Oſcil- 
lation and Gravity are both on the ſame Side of the 
Center of Motion C; and that when B 5 is greater 
than Aa, the Center of Ofcillation will be ſomewhere 
on the Side of B in the Line Cd continued out; if Bb 
exceeds An but a little, it will be at à great Diſtance, 
as at q; if the Exceſs be greater, it will be nearer, as 
at p. If it be very great, the Centers will be very near, 
as at o; and when B 5 is infinite with reſpect to A a, 
then the ſaid Center will be in the Center of the Body 
B 


Weights A and B; and let it be required to raiſe the 
Weight A from c to m, by the Power B; then if Bs 
VOL. I N be 


Ada ＋ B55 8 


41. Let the Lever Cd be in Equilibrio with the 
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Fig. g. 
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be ever fo little greater than A a it will deſcend, till the 
Lever comes to the Situation m n, as required. The 
'whole Action of the Machine conſiſts in raiſing the 
given Weight A to a given Height H, in a given Lime; 
and this Effet of the Machine will 3 paribus) 
be greater as the Time is leſs. But the Time is the 
Time of half the Vibration of the Lever; and the 
Times of Vibrations are leſs as the Intenfity of the 
Power B is increaſed, while its Diſtance continues the 
fame, becauſe the Diſtance of the Center of Oſcillation 
is dimmiſhed. | | 
- $2; Now putting A = Body to be raiſed, H = Height, 
and T = Time, then T = E = the Effect, or In- 
renfity of the Power B; whence AH = ET = whole 
Action of the Machine; and therefore when ET 
is leaſt of all, the Machine will be in its greateſt Per- 
ſection; becauſe as E increaſes, T will decreaſe, and 
though it be not in the ſame Proportion, yet it will 
cauſe that E T will become a Minimum at a certain 
Limit; as will be evident by the following Example. 
43. Suppoſe, A = 10016. and B S 10 15.; and if 
ec: C4: : 10: 100; then there will be an Equilt- 
rium, in which Caſe T will be infinite, and therefore 
#lfo T E, and conſequently cannot be expreſſed in 


1 Aaa +Bbb _ 100+1100 _ 
1200 | 


2 S 120 x, the Diſtance of the Center of Oſcil- 


lation, the Square Root of which 10,95 will be pro- 
pron to the Time (T) of Vibration, (ſec. Annotat. 
XIX.) This multiplied by E = 11, the Intenſity of 
the Power, gives 120,45 for the Expreſſion of the 
Action of the Lever in this particular Caſe. 
45 If B= 16016. then, as before, we ſhall find x = 
32, whoſe Square Root 5,66 x 15 (= T x E) = 84,9 
the Lever, which is now leſs than before. Again, ſup- 
poſe Bor E = 2016. then we ſhall have x = 21, and 
its Square Root 4,6; then 4,6x20= T x E = 92, 
which is again greater than the laſt; the limit then 
| WY * 
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0 Quantuy of Surface, but to the Weight of the 
T incumbent Part; as we ſhall alſo ſhew by 
3 Experiment (XXXIX). 
| As 
4 is between 11/6. and 20/6, and is very near 1516. as 
* will appear by the following Table; where the Numbers 
7 in the ſecond Column expreſs the whole Action of the 
Lever in Parts, of which the leaſt contains 100000, all 
t, which correſponds to the Intenfities of the Power in- 


creaſed from 10 to 20 1b. 


Powers. Actions. Powers. Actions. 


10 Infinite. 15,16 — 100000 
II 142360 16 ——— 100368 
= — 1 | — won 
15 — pu " | 105735 
15 100018 | 20 108330 


46. This Confideration of the Power is but of little 

- Uſe in the Lever; but as that is the moſt ſimple Ma- 
chine, it was beſt adapted to explain and exemplify this 
Doctrine. In the Axis in Peritrochio, and Pulley, it is 
of greater Uſe, and ſhould not be neglected; but as it 


— is there a Buſineſs of great Difficulty and Labour, I 
i ſhall refer the Reader to S'Graveſande's third Edition of 
11 his Principia, where he may ſee the Computations at 
| large; the Reſult of which in general is, That the Power 
o- which ſuſtains the Weight in Equilibrio ud be increaſed 
at. by one half in the Pulley and Axis in Peritrochio, that the 
of Alion of thoſe Machines may be a Minimum. 
the (XXXIX The Doctrine of FzxicTion is contain'd 
under the following Particulars, viz. 
= 1. When one Body inſiſts on another upon an hori- 
4,9 zontal Plane, it preſſes it with all its Weight, which 
p- being equally re- acted on (and therefore the whole Effect 
nd of its Gravity deſtroy'd) by the Plane, it will be abſo- 
9a, lutely free to move in any lateral or horizontal Direc- 
jen tion by any the leaſt Power applied thereto, provided 
is both the touching . be perfectly ſmooth or even. 
IS 2 2. But 


WL Ip 
=» 
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As to Compound Engines and Machiner, 
they are as numerous, as they are various 
| e 


2. But ſince we find no ſuch Thing as perfect Politure 
or Evenneſs in the Surfaces of Bodies (at leaſt ſuch as 
are produced by Art) but an evident Roughneſs or Un- 


evenneſs of the Parts in the Surface, ariſing from the Po- 
roſity and peculiar Texture of the Body, it is eaſy to un- 


derſtand that when two ſuch Surfaces come together the 
prominent Parts of the one will in ſome Meaſure fall 
into the concave Parts of the other, and therefore, when 
an horizontal Motion is attempted in one, the fix'd pro- 
minent Parts of the other will give more or leſs Reſiſt- 
ance to the moving Surface by holding and detaining 
its Parts, which is what we call Fridtion. 

3- Now fince any Body will require a Force propor- 
tional to its Weight to draw it over a given Obſtacle, it 


follows that the Friction ariſing to the moving Body will 


always be in Proportion to its Weight only, and not the 
Quantity of the Surface, by which it bears upon the 
reſiſting Plane or Surface. Thus if a Piece of Wood 


four Inches wide, and one Inch thick be ground, and 


thereby made exactly fit to the Surface of another fix'd 
Piece of the ſame Wood, it will require the ſame Weight 
to draw it along on the ſame, whether it be laid on its 
broad or narrow Side. | 

4. For though on the broad Side there be four Times 
the Number of touching Particles (ceteris paribus) yet 
each Particle is preſs'd with but 4 of the Weight that 
thoſe are on the narraw Side ; and fince four Times the 
Number multiplied by 4 of the Weight, is equal to & of 
the Number multiplied by four Times the Weight, *tis 
plain the Effect, that is, the Reſiſtance, is equal in both 
Caſes, and ſo requires the ſame Force to overcome it. 

5. The Reaſon why the Friftion is proportional to 
the Weight of the moving Body, is, 3 the Power 
applied to move the Body muſt raiſe it in ſome Meaſure 
upon and aver the prominent Parts of the Surface on 
which 1t is drawn; and this Motion of the Body, as it 
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in their Structure; concerning all which 
we may obſerve in general, that they con- 


ſiſt 


is not upright, ſo it will not require a Power equal to 
its whole Weight; but being in the Nature of the Mo- 
tion on an Inclined Plane, (ſince the Body bears on the 
prominent Parts all the while) the Power which moves 
it will be proportional to but a Part of its Weight only ; 
and this will vary with the various Degrees of Smooth- 
neſs or Aſperity between the rubbing Surfaces, and the 
other concurring Circumſtances. | 
6. I find by Experiment, that a Body ABCD (of Pl. X. 
Wood, Braſs, Sc.) laid on the Surface EFGH, will Fig. 1, 
be drawn along by a Weight P, nearly equal to one third | 
of its own Weight; if the Surfaces hard and well- 
oliſhed, it will be leſs than a third Part; but if the 
Part be ſoft or rugged, it will be much greater. Thus 
alſo the Cylinder of Wood AB, it very ſmooth, and 
laid on two well-poliſhed Supporters C, D, (having 
been firſt oil'd or greas'd) and then charged with the | 
Weight of two Pounds in the two equal Balls G, H, it Fig. 2, 
will require an additional Weight x (equal to about a 
third Part of the two Pounds) to give Motion to, or 
overcome the Friction of the ſaid Cylinder. 
7. Now this additional Weight, as it cauſes a greater 
Preſſure of the Cylinder, will likewiſe increaſe the 
Friction, and therefoxe require the Addition of another 
Weight y equal to the third Part of its own; for the 
fame Reaſon the Weight y will require another x, a 
third Part leſs; and ſo on ad infinitum. Hence upon 
1 age that the Friction is preciſely equal to a third 
of the Weight, the firſt Weight with all the additional 
ones, Viz. 2, 4, , +, c. will be a Series of Num- 
bers in Geometrical Progreſſion decreaſing. Now the 
Sum of all thoſe Terms, except the firſt (i. e. the Sum 
of all the infinite Number of additional Weights x +y 
z, Sc.) is found (by a well known Theorem in 
' Arithmetic) to be equal to one Pound. So that if the 
Weight of the Cylinder be inconſiderable, the Way to 
f N 3 i over- 


. 
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fiſt of one, two or more of the Simple 


Powers combined together; that in moſt 


- of 


overcome the Friction would be to double the Power 
G, or H at once. 4 


8. But though we may at a Medium allow about a 


third Part of the Weight with wh any ſimple Ma- 
I 


Pl. X. 
Fig: 1. 


chine is charged from the Frictio fing from thence, 
yet this is very precarious and ſeldom the Caſe ; for if 
ABCD be a Piece of Braſs of fix Ounces, and EFGH 
be alſo a Plate of Braſs, and both the | Surfaces well 
ground and poliſhed, the Weight P of near two Ounces 
will be required to draw along the Body AC alone; 


but if A C be loaded with 6, 8, or 10/6. then a fixth- 


Part of the Weight will be ſufficient to draw it along 
the Plane. If the Plane be covered with a linen or 


woollen Cloth, then a third, or half Part, and ſome- 


_ more, will be requiſite to draw it along on the 
lane. | 

9. Yet notwithſtanding the Difficulty and Uncer- 
tainty attending the Eſtimation of the Quantity of 
Friction, 'tis ſtill a moſt uſeful and neceſſary Enquiry 


how, and by what Means the Friction of any Machine 


may be abated or diminiſhed. In order to this we muſt 
conſider it mechanically, that is, we muſt conſider Fric- 
tion as a Force acting againſt a Power applied to over- 
come it. Thus ſuppoſe AB an upright Stem or Shaft 
turning freely in the Socket B fix'd in the Table or Plane 
IKLM; and AC, DE two Arms fix'd in the ſaid 


Shaft, the latter of which DE has three Pins goin 


into a Socket in the Middle of a heavy Weight at F, 
G, or H, in ſuch a Manner, that when a Power ap- 
plied at C moves the Lever AC, it cauſes the Lever 
E to protrude or thruſt along the Weight at F, G, 
or H, in a circular Manner upon the Table. | 
10. Now fince we ſuppoſe the Weight all the while 


it is in Motion is freely and wholly ſupported by the 


Plane, it follows that all the Reſiſtance it can give to 
the Power applied at C, is only what arifes from its 
Frictioꝑ on the Plane. What this Friction is, will be 


found 
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of them the Axis in Peritrochio, the Lever, 
and the Screw, are the conſtituent Parts ; 
ö that 


found by applying the Weight at G, ſo that BG be 
equal to AC; for then the Power applied to C, acting 
in a Tangent to the Circle CRS, that ſhall juſt move 
the Weight G, will be equal to its Friction (by Annot. 
XXXVIII. 10.) But if the Weight be applied at F, 
becauſe B F is greater than AC, the ſame Power at C, 
as before, will not move it, becauſe here its Force is 
increaſed by having a greater Velocity than the Power; 
as on the other Hand, if placed at H, a leſs Power at 
C ſhall move it, becauſe of its having there leſs Velo- 
city than the Power, All which is plain from the 
Properties of the Lever, demonſtrated in Annotat. 
XXXVIII. Dp 5-4 | 


11. Hence we underſtand, that though the Weight 


of a Machine remains the ſame, yet the Friction may 


be diminiſhed by contriving that the Parts on which it- 


moves and rubs ſhall have leſs Velocity than the Power 


which moves it. Thus if the Cylinder A B were 45 — 
e 


move on the two ſmall Pins or Gudgeons E, F, 
Friction would be abated in the ſame Proportion gs 
the Diameter of thoſe Gudgeons is leſs than the Dia- 
meter of the Cylinder. 

12. The Friction on theſe Gudgeons is ſtill farther 
diminiſhed by cauſing them to move on the Circumfe- 
rence of a Wheel; thus let F be the G 


of the 
8 revolving on the Wheel C DE; the Velocity 
0 
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the Wheel's Circumference will be the ſame with Pl. X. 
that of the Gudgeon; but the Velocity of the Wheel's Fig. 4» 


Axis AB (which is now to be conſider d as the rubbing 
Part) is leſs than that of the Wheel in Proportion as 
its Diameter is leſs than that of the Wheel. For Ex- 
ample, if the Friction of the Cylinder moving on its 


Surface be 3 Part of the Weight, and the Gudgeons be 


to the Cylinder as 1 to 10, they will reduce the Fric- 
tion to ½ Part; and if again the Axis of the Wheel be 
to the Wheel as 1 to 10, the Wheel will reduce it to 80 


Part; and if the Axis of this Wheel be laid on the 


N 4 Perimeter 


ſet 


Iuſtaining its Weight, we 
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that in all, a certain Power is applied to 


produce an Effect of much greater Mo- 
ment; and that, in the laſt Place, it is 
known, that the greateſt Effect or Perfec- 
tion of the Machine is then, when it is 
to work with four Nintbs of that Charge 
.  _— which 


* 


Perimeter of another Wheel, the Friction will be re- 


duced to a ſtill leſſer Part of the Weight, and ſo you 
may proceed to diminiſh the Friction ad infinitum. 
Hence Wheels applied in this Manner are called FRI o- 


TION-WIEELS. | 
13. Beſides what we have now premifed, ſomewhat 


farther is neceſſary to be underſtood to diminiſh Friction 


by Wheel-Carriazes. It was before obſerved, that Fric- 


tion aroſe chiefly by lifting the Body over the prominent 
Parts of the Plane on which it moved; now af we can 
contrive to move the muy along without lifting or 
Ft all move it without much 
iction, and this may be done by laying the Body on 
any moveable circular Subject, as Rollers, Wheels, &c. 
Thus let AB be the Section of an heavy Body laid on 
a Roller EF, upon the Plane C D, and drawn by the 
Power P; *tis evident when AB moves, the Aſperity 
of its Surface will lay hold on that of the Roller, and 
move it likewiſe; and 'tis as plain, that when the Bod 
A B is drawn againſt the prominent Parts of the Roller, 
they immediately give way, and make no Reſiſtance; 
thus the perpendicular Diameter a “ yields into the Situ- 


ation ef, and cd ſucteeds in its Place. By this circular 
Motion of the Roller, its prominent Parts below do 


only deſcend, and move upon, or over, and are not 


drawn againſt the fix'd prominent Parts of the Plane, 


and ſo receive no Refiſtance from them; hence the 


Body AB is conveyed along without being lifted up, in 


the Manner as a Wheel is moved by a Pinion, with- 


-ont any conſiderable Refiſtance. And this is the true 
Fondation of the Theory of Wheels, or Doctrine of 
diel-Carriages. l a 


ad „e & — — 22 
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which is equivalent to the Power or will 
but juſt keep the Machine # Equilibria 
(XL). b Nt 
kt , vain THE 


(XL) 1. To demonſtrate this Propofition, I ſhall PI. X. 
chuſe a Water-Wheel A D E F, driven round by a Cur- Fig. 6, 
rent of Water G A, ſtriking the lower Float- Boards A 
in a perpendicular Direction, in the Manner of an un- 
derſhot Mill. Now if the Wheel be not leaded or 
charged with any Weight, but moves freely on the Gud- 

{Rong of its Axis C, then the Water, coming on the 
loats, will put the Wheel in Motion, and acting upon 

it continually will ſoon accelerate its Motion ſo far, as 

to give it a Velocity equal to its own. | 

2. But if the Axle of the Wheel C be charged with 
a Weight P, which it is obliged to raiſe, this will give 
Refiſtance to the Wheel, and diminiſh its Velocity, or 
cauſe it to move ſlower than the Water; as the Weight 
P is increaſed, the Motion of the Wheel will be pro= 
portionably retarded ; till the Weight P, coming to have 
an equal Momentum with the Water, the Wheel will 
loſe all its Motion, or be reduced to a State of Equz- 
librium. | 

3. Now let F = Force of the Water, V =its Ve- 
locity, v = Velocity of the Wheel, P = Weight that 
holds the Wheel in Equilibrio, x = Weight raiſed by 
the Wheel in Motion. Then the Difference of thoſe 
Velocities, vis. V—vy will be that with which the 
Water ſtrikes the Wheel; and fince the Force of Strik- 
ing Fluids is always as the Square of the Velocity, (as 
will hereafter be ſhewn) and Cauſes are proportional to 


their Effects, we ſhall have V —v always proportional 
to z; and when v=o, we ſhall have z =P; and 


then V*. will be as P, ſo that it will always be V* : P 


:: V—vy' : 3; and a = V and 92 
VVYP- VVA 
» SMP 
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Tun Common JACK is a compound En- 
gine, where the Weight is the Power ap- 

1 plied; 
4. But from the Principles of Mechanics, we have 
the Radius of the Wheel AC (g= R) to the Radius of 


the Axle CB (S r) as the Velocity of the Wheel v 
to the Velocity of the Weight 2; that is, R: :: 


1 * Pez 
N R F the Velocity of z 
Which Velocity of the Weight being multiplied by the 
0 V Pr 

Weight x, gives an Expreſſion X * — — 
for the Effect of the Engine. 
5. This Expreffion is to be determined to a Maxi- 


mum by making the Fluxion of x  P — = — 
equal to N othing, (the Part Al being conſtant, we neg- 
led.) Let = . 


VE x x PE — 2% = y X P I= (becauſe P2 is 
conſtant) therefore 2 PL; * 15 =j =0; hence & PE 


= 4 7%, therefore pr 221; whence P =2 x, and 
x ZN that is, the Weight z, when the Machine is 
in its greateſt Perfection, is equal to g̊ of the Weight P, 
that will keep it in Egqui{ibriq, 8 | 
VYP—VVz 
f 8 
we ſubſtitute the Value of x, viz, 4 P, we ſhall Rave 
VV P- VV 

VIP =V NI P, therefore v = x V. That is, 
the-Velgcity of the Wheel (v) is equal to the Third Part 
3 | 1 of 


1 6. Hence, if in the Expreſſion v = 


f 
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plied; the Friction of the Parts, and the 
Weight with which the Spit is charged, 1s 
the Force to be overcome; and a ſteady, 
uniform Motion, by Means of the Fly, is 
| RO 
of the Velocity of the Water, when the Machine is in 
the greateſt Perfection. | 


When the Wheel is __ in Equilibrio by the 
Weight P, we have F:P:: CB (=r) :CA (SS 


{| Þy the Principles of Mechanics; whence we have —— 


=P; whence = = (4P =) 1 which Values of x 


r V SVB. 
and P, ſubſtituted in the Expreſſion K* — - - 2 


will give + VF for the Exponent of the greateſt Effect 
of the Engine. : 

8. To illuſtrate this by Example; ſuppoſe GA a 
Body of Water iſſuing from an Aperture in the Pen- 
Stock one Foot Square, and four Feet below the Surface 
of the Water-Head; in this Caſe the Force of the 
Water F = 250/b. and the Velocity V = 16 Feet per 
Second (as _ appear hereafter) ; whence 4 VF = 
— 7 — 592, 6, and this is the greateſt Effect 
of the Engine; now if R: :: 8: 1; then P 
— = 2000; and 2 = 5 P = 888,9/b. And its Ve- 
locity will be Z of 4 of 16, or 3 of a Foot per Second. 
To prove the Truth of all that has been ſaid, one need 
only take z either greater or leſſer than 888,976. and 


then the Expreſſion for the Effect of the Eagine Nr 
— * will give a Number in each Caſe leſs chan 
59256; which therefore is the Maximum, as above found. 


188 


i 


ME CHA N1c 8. 


the End or Intention of the Machine 


; 5 IN 
(XLI). 1. The FL is the only Part I ſhall here 
take Notice of in the Chimney- Jack, and ſhall explain 
its Nature and Uſe both there and in other Mechanical 
Machines. For it may be applied to any Sort of En- 
gines to very good . Purpoſes, which have a quick and 
circular Motion, and where the Power or Refiſtance 
acts unequally in the different Parts of a Revolution. 

2. The Ule of the Fly is to facilitate the Motion of 
Engines, by accumulating and retaining the Power com- 
municated to it, and exerting it gradually and equally 
in each Reyolution of the Machine ; whence it comes 
to paſs that the Motion of the Machine is rendered 
very nearly uniform and of an equal Tenour in all Parts 
of the Revolution, and therefore more caſy, pleaſant, 
and convenient to be acted by the impelling Power. 
For neither the Strength of Men, nor other Powers or 
Reſiſtances affecting the Engine, can or do act equally 
and uniformly in every Part of a Revolution. Thus 
Meat on. a Spit gives always more Reſiſtance on one 
Part than another, by which Means the Motion would 
be ſo irregular and jolting, that it would ſoon become 
ſhaken and looſed from the Spit, and ſo not be car- 
Tied round, were not this Irregularity prevented by 
the Fly. | 

3. The Fly does not add any new Power to an En- 

ine, as ſome-have imagined; as is evident for the fol- 

wing Reaſons. (1.) The Fly has no Motion but 
what it receives at firſt from the Machine. (2.) A De- 
gree of Force is always neceſſary to maintain the Mo- 
tion of the Fly, which muſt be ſupplied from the Ma- 
chine. (3.) The Friction of the Pivot, Screw, c. 
of the Fly is a Reſiſtance to the imprefs'd Force, and 
muſt abate it. (4.) The Air likewifs makes Reſiſtance 


tothe Weights at the End of the Fly. Upon all which 


Accounts it is eaſy to underſtand, that the Fly, inſtead 
of adding, does very much decreaſe or leſſen the Power 


4. The 


impreſſed on the Machine. 
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to 
4. The beſt Form for a Fly is that of a heavy Wheel 


re 

in or Circle, of a fit Size; for this will meet with lefs 
al Reſiſtance from the Air; and being continuous, and 
n- BY the Weight every where equally diſtributed through the 


Perimeter of the Wheel, the Motion will be more eaſy, 
equable, and regular. In this Form the Fly is moſt 
aptly applied to the perpendicular Drill, where it not 
only gives Weight and Regularity of Motion, but contri- 
butes to keep the Drill upright by its centrifugal Power. 


ly 5. In this Form it is alſo beſt applied to a Mindlaſs or 
es common HF/;nch, where the Motion is pretty quick; for 
ed when a Man turns the bended Handle of the Winch, 
rts his Strength is not, nor can be equally exerted in every 


Part of the Revolution; for in gong upwards from 
the lower Quarter, he can exerciſe more Power than in 


thruſting forward in the upper Quarter, where, of 
ly BE courſe, Part of his former Force would be loſt, were it 
us not accumulated and conſerved in the equable Motion 
ne of the Fly. By this Means a Man may work all Day 
1d in drawing up a Weight of 40/6. whereas 30/6. would 


create him more Labour in a Day without the Fly. 

6. The Fly is ſometimes made Uſe of to increaſe 
the Force of mechanical Engines, as of the Lever and 
Screw, in that for Stamping of Money in the Mint. 
Here the Power exerted by the Man is accumulated by 
the large Weights at each End of the Lever; the Lever 
increaſes and communicates it to the Cylinder, upon 


e- which it is fixed; the Screw does again increaſe or con- 
o- denſe it upon the Medal, by Means of which the Ima 
la- preſſion of the Image is made. | 11 

Ic. 7. The great Power of this (or any other Machine 
nd of this Kind) may be thus. computed. Suppoſe the Arms 
ice of the Fly 15 Inches each, or the Length of the Lever 30 
ch Inches, and each Weight to be 50 /. and the Diameter 


of the Cylinder at the Screw. to be one Inch. If each 
Stroke made in a Halt-Circle, which will be four 
Feet, and in half a Second of Time, the Velocity (be- 


Power is the Weight or Spring; the Force 
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Hand or Index round a graduated c 
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to be overcome is the Friction of the nu 
merous Parts, which are chiefly a Combi 


nation of Wheels and Axles, whoſe Uſe 1 
to divide a large Portion of Time, as a Da 
or Hour, into very minute equal Parts, a 
Minutes, Seconds, &c. and to point out thoſe 
Diviſions by an equable Motion of a prope 


(RAN) 
In 
ing equably acoelerated by the continued Action of the 
Man) will at the Inftant of the Stroke be at the Rate of 
eight Feet per Second; therefore 8 x 10016. =800lb. for 
the Momentum of the Lever or F ly. But fiance the Di- 

ameter of the Screw is but £4, of the Length of the 
= we ſhall have go x 80016. = 2400016. for the 
Homentum of the Engine, which is equal to that 6 
z0016. falling 120 Feet; which prodigious Force is ſti 
Farther increaſed for 2 larger Pieces of Money, b 
Ancreafing the Weigh Arms of the Fly, 


(XLII) I. I haſt 5 ſhew the Principles of Wat 
and Clock-Work, and how to calculate the Numbers 


| — * Movements, in as clear and compendious a Man, 


1 can. In all Automata, or Machines 6 
Clock- ork, there is a natural Agent or Principle « 


Motion; which, by acting on one Part, gives Motion 
to that, and all the other Part depending upon it, and 
thus becomes the Primum Mobile, or firſt Mover to tit 
whole Machine. 

2. In common Clocks and Watches this is of two Sorts 
wiz. A'SPRING or a WEIGHT ; either of which ma) 
be made to act with an any determinate Force ; the Spring 
by its Elaſticity, and Weight by its Gravity. 1 
theſe Machines this Force is required to be ſuch as wi 
Overcome the Vis Inertie and F riction of all the Parts i 
Motion; which in Watches is very inconſiderable, bu 
an Clocks is much greater, and "that 3 in Proportion 
they are more compounded, | 
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3. The Manner in which a Weight acts upon the 
Cylinder, about which the Line or Cord (to which it 
hangs) is wound, is eaſy to be underſtood by all; but 
the Action of the Spring coil'd up within the Cylindric 
Barrel or Box of a Clock or Watch, is ſomewhat more 
nice and myſterious; and the Manner how it acts upon 
the Fuſee always with an equal Force by means of the 
Chain, and the proper Figure of the Fuſee for that Pur- 
poſe, is next to be explain d. 

4. The Chain being fix'd at one End to the Fuſee, 
and at the other to the Barrel, when the Machine is 
winding up the Fuſee is turn'd round, and of courſe the 
Barrel; on the Infide of the Barrel is fix'd one End of 
the Spring, the other End being fix'd to an immove- 
able Axis in the Center. As the Barrel moves round, 
it coils the Spring ſeveral Times about the Axis, there- 
by increaſing its elaſtic Force to a proper Degree; al 
this while the Chain is drawn off the — upon the 
Fuſee; and then when the Inftrument is wo up, the 
Spring by its elaſtic Force, endeavouring conſtantly to 
unbend itſelf, acts upon the Barrel, by carrying it round; 
by which Means the Chain is drawn off from the Fuſee, 
and thus turns the Fulce, and conſequently the whole 
Machinery. W 

5. Now eas the Spring unbends by Degrees, its elaſtic 
Force, by which it affects the Fuſee, will gradually de- 
creaſe; and therefore unleſs there were ſome Mecha- 
nical Contrivance in the Figure of the Superficies of the 
Fuſee to cauſe that as the Spring is weaker, the Chain 
ſhall be removed farther from the Center of the Fuſee, 
ſo that what is loſt in the Spring's Elaſticity is gained in 
the Length of the Lever; I ſay, unleſs it were for this 
Contrivance the Spring's Force would always be un- 
equal upon the Fuſee, and ſo would produce an un- 
equable Motion of the Parts of the Machine. 
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6. The Figure of the Curve, which ſhall form. the Pl. XI. 
Superficies of the Fuſee by a Revolution about its Axis, Fig. 1. 


may be inveftigated as follows. Let BCD be the 
Curve, AL Axis of the Fuſee p ced; let D be 
the Point where the End of the Chain is fix'd on the 
Fuſee when the Watch is down, or the Spring un- 
coil'd, and B the Point where it touches it when the 


Spring 
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Spring or Machine is wound up. From the Points B 
and D let fall the Perpendiculars to the Axis B A ang 
DH; in which produced, let there be taken AE and 
H I proportional to the Force or Strength of the Spring, 
when the Chain is at B and D. Through E, I, draw 
the Right Line EIK interſecting the Axis ſomewhere 


nin K; and from any Point C in the Curve, draw CF 


e to the Axis in G; then will FG be as the 
trength of the Spring when the Chain is as G. 
7. Now ſinee the Force acting on the Euſee ought 


always to be uniformly the ſame; and this Force being 


always as the Strength of the Spring expreſs'd by F G, 
and the Diſtance at which the Hap from the Axis 
of the Fuſee conjointly : Therefore the Force at any 
Point C will be as the ReQangle F GxGC, and ſince 
this is a given Quantity it py be made FG x GC = ab, 
oy 

and ſo we have FG SC Cl Dis 

8. Therefore to determine the Equation of the 
Curve BCD, let K Hg a, HI=b, HG =x, and 
GC=y. Then becauſe of the ſimilar Triangle HK 1 
and GK F, we have HK : HI: : GK: FG = 
2 that is, a: ):: a ＋ * .; whence we have ag 

233 | 
Sa yy, which is the Equation of the Curve, and 
ſhews it to be of the Hyperbolic Kind. _ 

9. The Form or Figure of the Fuſee being thus de- 


termined by the given Force of the Spring in the Points 


B and D, and the Points G taken at Pleaſure ſucceſ- 


ſively from H towards A; we next conſider that it is 


acted upon, or put into Motion, by an uniform Force; 
by which Means alſo the Great Wheel, which is fix'd to 
it, is put into Motion, and that drives the Pinion of the 
Center Wheel, which Center Wheel drives the Pinion of the 
Third Wheel, and this drives the Pinion of the Contrate 
Mpeel, and this the Pinion of the Balance Mpeel, which 

hes the two Pallets on the Axis of the Balance, and 
keeps the Balance in Motion. 1 


10. The Balance in a Watch is inſtead of the Pendu- 


lum in a Clock; both ſerving to govern the Motion 


of the whole Machinery. To this Balance is fix'd a 
ſmall Steel ſpiral Spring which regulates the Motion 
# thereo 


ty 
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thereof, and makes it equable; whence its Name of 

Regulator. N. B. The Reader will do well to have his 

Eye upon the internal Parts of the Watch as he reads this 
eſerxption. 

11. When the Wateh is wound up; the Chain from 
the Spring exerts a Foree upon the Fuſee, which gives 
Motion to all the Parts of the Machine in the following 
Manner; which will be eaſy to underſtand when the 
Number of Teeth in each Wheel, and Leaves in the 
Pinions which they drive, are ſpecified. And theſe in 
modern Thirty-Hour Watches are as follows; 


Teeth. Leaves. 
Great Wheel 48 I2 
Center Wheel 54 6 
Third Wheel 48 ——— 6 
Contrate Wheel 48 —— 6 , 
Balance Wheel 15 2 Pallets. 


12. Hence tis eaſy to underſtand how often any one 
Wheel moves round in the Time of one Revolution of 
that which drives it. Thus the Great Wheel on the 
Fuſee, having 48 Teeth, and driving the Center Wheel 
by a Pinion of 12, muſt cauſe the Center Wheel to move 
round four Times in one Turn of the Fuſee. And fo 
for all the reſt, as below. | 


12)48(4 = Turns of the Center Wheel. 
6)54(9 = Turns of the Third Wheel. 
6).48( ; = Turns of the Contrate Wheel. 
6)48(8 = Turns of the Balance Wheel. 


13. Whence it follows that the Turns of each of 
thoſe Wheels reſpectively in one Turn of the Fuſes, 


will be had by multiplying thoſe ſeveral Quotients toge- 
ther ſucceſſively, as follows : 


1 Turnof the Fuſee or Great Wheel. 
4X1 = 4 Turns of the Center Wheel. 
'9X4X1 = 36 Turns of the Third Wheel. 
8Xx9X4X1 = 288 Turns of the Contrate Wheel. 


8 x8x9X4X1 = 2304 Turns of the Balance Wheel. 


14. The Balance Wheel having 15 Teeth, and each 
ſtriking a Pallet twice in one Revolution, there will be 


Vo. I. O ; 30 
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Second in ſuch a Watch. 


32 Hours; then 14400 x 32 = 460800 = the Beats 


* 
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30 Strokes upon the Axis of the Balance, which we 
call the Beats of the Balance; and therefore there will 
be 2304 x 30=09120 Beats in one Turn of the Fuſee or 
Great W heel. Is AC. 
15. The Center Wheel is that which we muſt have 


the principal Regard to in the Dioiſion of Time; the 


Wheels beyond this, towards the Balance, ſerving only 
to multiply the Strokes of the Balance, and cauſe it to 
move with an inſenfible Power, and be thereby ſubje& 
to a more perfect Regulation. But the Center Wheel 
is that upon which both the Hour and Minute Hand. is 
moved or carried round upon the Face of the Watch to 
indicate the Time, viz. the Hour of the Day, or Mi- 
nute of the Hour. | ny 

16. Since the Time of the Watch's going is 39 
Hours, and the Minute Hand, and conſequently the 
Center Wheel, goes round once in an Hour, the ſaid 
Center Wheel will have 30 Turns in the Time of the 
Watch's going; and - becauſe it has four Turns in one 
of the Fuſee, therefore 4)30( = 74 = the Number of 
Turns of the Fuſee in winding up the Watch. Whence 
69120 Xx 7,5=518400=the Number of Beats during the 
whole Time of the Watch's going. 
17. If then we divide 518400 by 30, we ſhall have 
the Quotient 17280 = Number of Beats in an Hour, 


which is call'd the TRAIN of a Watch; and it is ſaid 


to be a ſwifter or flower Train as the Number of Beats 
in an Hour is greater or leſſer. If we divide the Train 
17280 by 3600, the Seconds in an Hour, the Quotient 
will be almoſt 5; that is, there will be near 5 Beats per 


« 


= * 


18. From this Analyſis of a Watch, it will be eaſy 
to form an Idea of the Manner of Calculation for the 
Numbers of the Teeth and Leaves for the ſeveral 
Wheels and Pinions throughout the Work; and I ſhall 
endeavour to facilitate and illuſtrate this by an Example 


of the Numbers of a Watch whoſe Train is 14400, 
and which therefore will beat Quarter-Seconds, becauſe 


ſuch a one will be uſeful for many Philoſophical Pur- 
poſes, as well as the common Meaſure of Time. 


19. The Time which this Watch ſhall go, may be 


of 
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of the Balance in tne whole Time. Suppoſe the Num- 
ber of Turns in the Fuſee be 8; then 8)460800(= 57600, 
=the Beats in one Turn of the Fuſee. Again, let the 
Number of Teeth in the Balance Wheel be 15, there 
will be 30 Beats in one Turn of this Wheel; then 
0)57600(=1920, which will be the Number ariſing 


—f the continued Multiplication of all the Quotients 
of the Wheels, divided by the Pinions they drive from 


the Great Wheel to the Balance Wheel, as will be caſy 
to underſtand by Art. 12, 13. | 


20. The Bufineſs is now to break this Number into 


4 convenient ſmall Numbers, which multiplied together 
ſhall make the ſame Number 1920. This may ſoon be 
done by a few Trials; thus ſuppoſe I take the Number 
4 for one of them; then 4)1920(480. This Number, 
480, I plainly ſee can be divided by 6 without a Re- 
mainder; therefore 6)480( = 80; and as I plainly ſee 
that 80 = 8 x 10, therefore the four Numbers ſought 
are 4, 6, 8, and 10. For theſe, multiphed together, 
make 1920, viz. 4X6 x8 x 10=1920, *' . ' | 

21. Having thus got the Quotients, it will be very 


eaſy to find what large Numbers, divided by ſmall ones, 


will produce the ſaid Quotients; thus 12)48(=4; 
wherefore, if I allow 48 Teeth to the Great Wheel on 
the Fuſee, it muſt drive a Pinion of 12 on the Center 
Wheel. | 

22. In the next Place, for the Quotient 6, I chuſe 
the Numbers 54 and q; thus 9)54(=6; which ſhews 
that the Teeth of the Center Wheel may be 54, and it 
muſt then drive a Pinion of 9 on the Third Wheel. 
Or, if inſtead of 54 and g, I rather make choice of 48 
and 8, it will anſwer the ſame End; for 8)48(=6, as 
before. 

23. Then for the Quotient 10, 'tis eaſy to ſee, that 
50 and 5 will produce it, viz. 5)50(=10. That is, 
the Third Wheel having 50 Teeth muſt drive a Pinion 
of 5 on the Contrate Wheel. If the ſaid Wheel has 
40, or 60 Teeth, and drive a Pinion of 4 or 6, the 
{ame Number of Turns will be obtained. | 

24. Laſtly, for the Quotient 8, we have the Num- 
bers 48 and 6; for 6)48(=8; or 7) 56068; or 


5) 400 = 8, Whence if the Contrate Wheel be al- 
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low'd 40, or 48, or 56 Teeth, it muſt drive a Pino 
of 5, 6, or 7 Leaves on the Balance Wheel. | 
25. By this Means all the Wheels and Pinions are 
determined, and adjuſted/ in the Body of the Watch, 
from +the Fuſee to the: Balance; but all that we have 
hitherto done ſhews only the Minutes of an Hour, and 
Seconds, or Quarter-Seconds of a Minute; but nothing 
has yet been mention'd relating to the Mechaniſm for 
ſhewing the Hour of the Day, of which we ſhall treat in 
the next Place. | 
26. This Part of the Work lies conceal'd from Sight 
between the upper Plate of the Watch-Frame and the 
Dial-Plate; and fince few People have the Opportunity 
of viewing this Work,. I have here repreſented it by a 
Figure; wherein ABC is the uppermoſt Side of the. 
Frame-Plate, as it appears when detached from the 
Dial-Plate; the Middle of this Plate is perforated with 
a Hole receiving that End of the Arbor of the Center 
Wheel which-carries the Minute Hand ; on this End of 
the Arbor, near the Plate, is fix'd a Pinion ab of 10 
Teeth ; this is call'd the Pinion of Report; it drives a 
Wheel cd of 40 Teeth; this Wheel ed carries a Pinion 
F of 12 Teeth, and this drives a Wheel gh with 36 Teeth, 
27. As im the Body of the Watch the Wheels every 
where drive the Pinions, and fo quicken or increaſe the 
Motion; here, on the contrary, the Pinions drive the 
W heels, and by that Means decreaſe the Motion, which 
is here neceſſary; for the Hour-Hand, which is carried 
by a Socket fix d on the Wheel g, is required to move 
but once round, while the Pinion ab, moves 12 Times 
round. To this End the Motion of the Wheel cd is Z 
of the Pinion ab, becauſe 10)40(=4.. Again, while 
the Wheel cd, or the Pinion ef, goes once round, it 
turns the Wheel gh but 4 Part-round, for 12) 30(=3: 
Conſequently the Motion of gh is but x of Jof the 
Motion a5; but 3 of 4 , that, is, the Hour Wheel 
g h moves once round in the Time that the Pinion of 
Report on the Arbor of the Center or Minute Wheel 
makes 12 Revolutions as required. 4 
228. Having thus ſhewn the Nature and Manner of 
the Mechaniſm of a Match, the Structure of that * 
0 
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of a CLock, which is concern'd in ſnewing the Time, 


will eafily be underſtood, eſpecially as it is repreſented 


in the Draught. The Mechaniſm of a Clock conſiſts 
of two Parts, one to /hew the Time, the other to report 
it, by ſtriking the Hour upon a- Bell. How each of 
theſe is effected, I ſhall ſhew by the following Steps. 
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29. Each Part is actuated or moved by Weigbts, as Pl. XI. 
in common Clocks, or Springs included in Boxes or Fig. 3. 


Barrels, as A; this Cylinder moves the Fuſee B, and 
the great Wheel C, (to which it is fix'd) by the Line 
or Cord that goes round each, and anſwers to the Chain 
of the Watch. The Method of Calculation is here 
nearly the ſame as before. For ſuppoſe here the Great 
Wheel C goes round once in twelve Hours; then if it 


be a Royal Pendulum Clock, ſwinging Seconds, we have 


bo x 60 x 12=43200 Seconds or Beats, in one Turn of 
the Great Wheel. g 


30. But becauſe there are 60 Swings or Seconds in 
one Minute, and the Seconds are ſhewn by an Index 
on the End of the Arbor of the Swing Wheel (which in 
thoſe Clocks is in an horizontal Poſition) therefore tis 
neceſſary that the Swing Wheel ſhould have 30 Teeth. 
Whence 60)43200(=720, the Number to be broken 
into Quotients for finding the Number of Teeth for the 
other Wheels and Pinions, as before, in Art. 20. 


31. But fince the Minute Wheel D goes 12 Times 


round in one Turn of the Great Wheel C, we know 
one of the Quotients muſt be 12; , whence 12)720' = 
60; and 60 is compounded of 6 x 10, or, 8 x 7,5. 
So that either 6 and 10, or 8 and 74 are the two other 
Quotients ; but the latter Numbers are preferable to the 
former, as affording a greater Uniformity of the Parts 
and Eaſe in the Execution. Therefore 8)60( = 7; 
hence if we give 60 Teeth to the Middle or Minute 
Wheel D, it drives a Pinion of 8 on the Contrate 
Wheel E. ns | 

32. The other Quotient 8 will give us 8)64(=8, 
or 1)56(=8; that is, if we give 64 Teeth to the Con- 
trate Wheel E, it muſt drive a Pinion of 8 on the Ar- 
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bor of the Swing Wheel. But if only 56 be allowed, 


then it muſt drive a Pinion of 7, and theſe laſt Num- 


bers are now generally uſed. Thus much for the Time 


Part, as far as the Minutes and Seconds : As for the 
Pinions and Wheels to ſhew the Hours, they are the 
ſame as was before ſhewn in the Watch, Art. 26. 27. 
33. In Spring Clocks the Diſpoſition of the Wheels 
in the Watch Part is ſuch as is here repreſented in the 
Figure, where the Swing Wheel F Wn an horizontal 


Poſition, the Seconds not being ſhewn there by an In- 


dex, as 1s done in the large Pendulum Clocks, accord- 
ing to the foregoing Calculation: Whence in theſe 
Clocks the Wheels are diſpoſed in a different Manner, 
as repreſented in Fig. 4. where C is the Great Wheel, 
D the Center or Minute Wheel, both as before; but 
the Contrate Wheel E 1s placed on one Side, and F the 
Swing W heel is placed with its Center in the ſame per- 
pendicular Line GH with the Minute Wheel. and with 
its Plane perpendicular to the Horizon, as are all the 
others. Thus the Minute and Hour Hands turn on 
the End of the Arbor of the Minute Wheel at a, and 
the Second Hand on the Arbor of the Swing Wheel 
at 5. | 
34. It remains now that we give an Account of the 
Machinery of the Striking Part of a Clock. Here, as in 
the Match Part, the Primum Mobile is a large Spring, 
in the Spring Barrel G ; but in long Pendulums 1t is a 
Weight, as is well known. This by its Cord and Fuſee 
moves the Great Wheel ; that gives Motion to the 


Pin Wheel I; that continues it to the Detent or _ 


Wheel K; and that to the Warning Wheel L; whic 
at Jaſt is ſpent on the Flying Pinion Q, which carries 
the Fly or Pan; and by its great Velocity it meets with 
great Reſiſtance from the Air it ſtrikes, and by this 
Means bridles the Rapidity of the Clock's Motion, and 
renders it equable. 

5. All theſe Wheels are quie/cent or motionleſs, un- 
Jeſs when at the Beginning of each Hour the Detent O 
is lifted up, by which Means the Work is unlock'd, and 
the Whole put into Motion by Virtue of the Spring 

in 


1 W aL i444 


ME CMHAN IOS. 199 


in the Box G. During this Motion the Pins e, e, e, e, 
of the Pin Wheel I, take the Tail of the Hammer T, 
and carrying it upwards remove the Head of the Ham- 
mer s from the Bell R; then being let go by the Pin it 
is made by a ſtrong Spring to give a forcible Stroke 
upon the Bell, and this is repeated as often as the Hour 
requires, by Means of a Contrivance in another Part. 
36. This conſiſts of moveable Wheels, and ſeveral 
Levers, and other Parts, which cannot be underſtood 
by a bare Deſcription, or even by a Repreſentation in 
a Draught, ſo well as any Perſon may have an Idea of 
them by taking off the Face or Dial-Plate of a late - made 
Eight-Day Clock; for, within 8 or 10 Years paſt, great 
Improvements haye been made in this Part of the Me- 
chaniſm. Of which, perhaps, I may give a more am- 
ple Account in another Place, the Scope of my preſent 


9 * =” w w - 


Deſign not admitting it here. | 

a 37. To the Invention of Mr. Maurice Wheeler we 

a owe the curious Contrivance of a Clock deſcending on an 

g Inclined Plane; the Theory of which is worth any Gen- 

J tleman's Knowledge, and may be ſeen in N“ 161. of the 

1 Philoſophical Tranſactions. Alſo the Clock itſelf may 

| be ſeen at Don Soltero's Coffee-houlſe in 3 

5 38. But ſince many People may have a Curioſity to Pl. X. 
f be acquainted with this odd Kind of Machinery, who Fig. 7. 
i have neither of the Opportunities above-mentioned, I 

4 will here preſent them with a ſhort Account of this 


Clock. DE is the inclined Plane on which the Clock 


4 ABC deſcends; it confiſts externally of a Hoop, and 
| two Sides or Plates ſtanding out beyond the Hoop about 
f one- eighth of an Inch all round, and indented that the 
* Clock may not ide, but turn round as it moves down. 
h 39. One of theſe Plates is inſcribed with the 24 Hours, 
* which paſs ſucceſſively under the Index, which is always 
d in a Poſition perpendicular to the Horizon, and ſhews 
the Hour on the Top of the Machine. For this Rea- 

* ſon the lower Part of the Index is heavieſt, that it may 
0 preponderate the other, and always keep it upright as 
1d the Movement goes on. 
* 40. For the internal Part or Mechaniſm, let LEDQ_ 
8 be the external Circumference of the Hoop, and 1 f the 
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Frame-Plate on which is placed the Train of Wheel. 
Work 1, 2, 3, 4, which is much the ſame as in other 
Clocks, and is govern'd by a Balance and Regulator as 


in them. But for a Spring and Fuſee, there needs 


none in this Clock, their Effects being otherwiſe an- 
ſwered, as we ſhall ſee. | Aa 
41. In this Machine the Great Wheel 1 is placed in 
the Center, or upon the Axis of the Movement, and 
the other Wheels and Parts towards one Side, which 
therefore would prove a Biaſs to the Body of the Clock, 
and cauſe it to move, even on a horizontal Plane, for 
ſome ſhort Diſtance ; this makes it neceſſary to fix a 
thin Plate of Lead at C, on the oppoſite Part of the 
Hoop, to reſtore the Equilibrium of the Movement. 
42. This being done, the Machine will abide at 


reſt in any Poſition on the horizontal Plane HH; but 


if that Plane be changed into the inclined Plane D E, 
it will touch it in the Point D; but cannot reſt there, 
becauſe the Center of e at M acting in the Di- 
rection MT, and the Point T having nothing to ſup- 
port it, muſt continually deſcend and carry the Body 
down the Plane. | 

43. But now if any Weight P be fixed on the other 
Side the Machine, ſuch as ſhall remove the Center of 
Gravity from M to the Point Vin the Line LD, which 

aſſes through the Point D, then it will reſt upon the 
inclined Plane, as we have ſhewn in the Caſe of the 
Rolling Cylinder; for this Inſtrument is founded on the 
ſame Principle. 

44. If now the Weight P be ſuppoſed not fixed, but 
ſuſpended at the End of an Arm, or Vedis; which 
Arm or Lever is at the ſame Time faſtened to a Cen- 
tral Wheel 1, moving on the Axis M of the Machine, 
which Wheel by its Teeth ſhall communicate with the 
Train of Wheels, &c. on the other Side; I fay, in 
this Caſe if the Power of the Weight P be juſt equal to 
the Friction or Reſiſtance of the Train, it will remain 
motionleſs all one as before when it was fixed; and 
confequently the Clock alſo will be at reſt on the in- 
clined Plane. | 

45; But ſuppoſing the Weight P has a Power ſupe- 
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rior to the Reſiſtance of the Train, it will then put it 
into Motion, and of courſe the Clock likewiſe, which 
will then commence a Motion down the Plane, while 
the Weight P, its Vedtis PM, and the Wheel 1, all re- 
tain conſtantly the ſame Poſition they at firſt have when 
the Clock begins to move. 
46. Hence tis eaſy to underſtand that the Weight P 
| may have ſuch an intrinſic Gravity as ſhall cauſe it to 
L act upon the Train with 5 required Force, ſo as to 
: roduce a Motion in the Machine of any required Ve- 
r ocity, as ſuppoſe ſuch as ſhall carry it once round in 
a twenty-four Hours; then if the Diameter of the Plates 
J ABC be four Inches, it will deſcribe the Length of 
its Circumference, viz. 12,56 Inches in one natural 


t Day; and therefore if the Plane be of a ſufficient 
t Length, ſuch a Clock may go ſeveral Days, and would 
1 * a 3 Motion, if the Plane were of an infinite 
by ength. | 

= 47. Let SD be drawn through M perpendicular to 
= the inclined Plane in the Point D. Alſo let LD be 
y 5 to the horizontal Line H H, ng thro? 

. Then is the Angle HDE=LDS=DMT. Whence 
Yr it follows, that the greater the Angle of the Plane's 
of Elevation is, the greater will be the Arch DT, and con- 
h ſequently the farther will the common Center of Gra- 
ne vity be removed from M; therefore the Power of P 
ae will be augmented, and of courſe the Motion of the 
ne whole Machine accelerated. 

48. Thus it appears, that by duly adjuſting the in- 
ut trinfic Weight of P at firſt to produce a Motion ſhew- 
ch ing the mean Time as near as poſſible ; the Time may 
n- afterwards be corrected, or the Clock made to ge faſter 
ige, or ſlower by raifing or depreſſing the Plane, by means of 
he the Screw at S. The Angle to which the Plane is firſt 
in raiſed is about ten Degrees. 
to 49. We have given the Theory of a Clock moving Pl. X. 
Lun down an inclined Plane: Let us now conſider how a Fig. 8, 
nd Clock may be made to aſcend on the ſame inclined 
n- Plane. To this End let ABD be the Machine on the 

inclined Plane EDE, and let it be kept thereon at 
de- Reſt, or in Equilibrio, by the Weight P, at the End 
107 of the Lever PM, The circular Area CF is one 


End 
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Motions of Bodies repreſenting the Planets 


| exactly proportional and correſpondent to the 


heavenly Bodies; nor indeed can it be done either by 


| Diggram or Deſcription, to render it intelligible to the 


MECHAN ICS. 


Ix the ORRERY and COME TARIUM, 
the whole Machinery is a Compages o 
Wheels of various Sizes, ſuitably contrived 
and adapted to produce circular aud elliptical 


and Comets, in ſuch Periods of Time as are 


reſpective Motions of the heavenly Bodies 
which they repreſent; alſo their ſeveral 
Phaſes, Poſitions of the Orbits, and other 
Affections, ſo as to be a perfect Mzicrocoſm, 
or Solar Syſtem in Miniature (XLIII, XLIV). 


IN 


End of a Spring Barrel in the Middle of the Move- 
ment, in which is included a Spring, as in a common 
Watch. 5 

Fo. To this End of the Barrel the Arm or Lever PM 
is fixed upon the Center M; and thus when the. Clock 
is wound up, the Spring moves the Barrel, and there- 
fore the Lever and Weight P, into the Situation PM. 
In doing this, the Center of Gravity is conſtantly re- 
moved 4 from the Center M of the Machine, and 
therefore it muſt determine the Clock to move upwards ; 


which it will continue to do, ſo long as the Spring is 
unbending itſelf; and thus the Weight and its Lever 
PM will preſerve the Situation they firſt have, and do 
the Office of a Chain and Fuſee. This is the Con- 


trivance of M. de Gennes, See Phil. Tranſ. Ne 140. 
(XLIII) It would be too great an undertaking here 

to give an Account of the Mechaniſm of the larger Sort 

of Orreries, which repreſent the Movements of all the 


diſcerning Reader; but inſtead of that, I ſhall 
5 wo exhibit 


Flate XII. 
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MECHANICS. 


exhibit an Idea of the Theory and Structure of an uſe- 
ful, conciſe, and portable Planetarium, which any Gen- 
tleman may have made for a ſmall Expence, and will 
exhibit very juſtly the Motions of all the primary 
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Planets about the Sun by Wheel- Work; and thoſe that 
have Secondaries or Moons, may have them placed 


about their Primaries, moveable by the Hand, ſo that 
the whole ſhall be a juſt Repreſentation of the Solar 
Syſtem, or true State of the Heavens, for any given Time 
ler. f 

2. In order to this we muſt firſt compare, and find 


out the Proportion, which the periodical Times or Re- 


volutions of the primary Planets bear to that of the 
Earth; and they are ſuch as are expreſſed in the Tablet 
below, where the firſt Column is the Time of the Earth's 
Period in Days, and Decimal Parts# the ſecond that of 
the Planets ; the third and fourth 'are Numbers in 

fame Proportion to each other. : 


A 


As 365,25 : 88 8 :: 83: 20, for Mereury. 
365,25 : 2247 72 :: $2 : 32, for Venus. 
365,25 : 686,9 & :: 40: 75, for Mars. 
365,25 : 4392,5 A:: 7 : 83, for Jupiter. 
365,25 : 10759,3 h:: $5 : 148, for Saturn. 


3. If now we ſuppoſe a Spindle or Arbor with fix pl. XII. 


Wheels fixed upon it in an horizontal Poſition, having 
the Number of Teeth in each, correſponding to the 
Numbers in the third Column, viz. the Wheel AM of 
83 Teeth, BL of 52, CK of 50 (for the Earth,) DI of 
40, EH of 7, and FG of 5; and another Set of Wheels 
moving freely about an Rebar, having the Number of 
Teeth in the fourth Column, viz. AN of 20, BO of 
32, CP of 50 (for the Earth,) DQ of 75, ER of 83, 
and F'S of 148; then if thoſe two Arbors of fixed and 
moveable Wheels are made of the Size, and fixed at the 
Diſtance from each other, as here repreſented in the 
Scheme, the Teeth of the former will take thoſe of the 
latter, and turn them very freely when the Machine is 
in Motion. 

4. Theſe Arbors, with their Wheels, are to be 
placed in a Box of an adequate Size, in a perpendicular 
Poſition; 


Fig. 1. 


| 
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much more adapted to repre 


MECHANICS. 


Pofition ; the Arbor of fixed Wheels to move on Pivots 
at the Top and Bottom of the Box ; and the Arbor of 
moveable Wheels to go through the Top of the Box to 
a proper Height, on the Top of which 1s to be placed 
a round Ball, gilt with Gold, to repreſent the Sun. On 
each of the moveable Wheels is to be fixed a Socket or 
Tube aſcending above the Top of the Box, and having 
on the Top a Wire fixed, and bent at a proper Diſtance 


into a right Angle upwards, bearing on the Top a ſmall 


round Ball repreſenting its proper Planets. | 

5. If then on the lower Part of the Arbor of fixed 
Wheels be placed a Pinion of Screw-Teeth, a Winch 
turning a Spindle, with an Endleſs-Screw, playing in 
the Teeth of the Arbor, will turn it with all its Wheels; 
and theſe Wheels will move the others about with their 
Planets in their proper and reſpective Periods of Time 
very exactly. For while the — Wheel C K moves 
its equal CP once round, the Wheel A M will move 
AN a little more than four Times round, and ſo will 
nicely exhibit the Motion of Mercury; and the Wheel 


FG will turn the Wheel FS about round, and ſo 


29, 
will repreſent the Motion of Saturn. . the ſame is 
to be ſaid of all the reſt. 

6. If on the Top of the Box be placed a Circle with 
the Signs of the Ecliptic, including all the Planets, it 
will be eaſy by this Machine to repreſent the Motions 
and various Phænomena of the heavenly Bodies, by 
thoſe who have Skill in ſuch Things. Having thus 


ſhewed the Reaſon, Structure, and Parts of the por- 
table Planetarium, the reſt muſt be left to the Fancy and 
| heren of the Gentleman, and the Ingenuity of the 


orkman. 


(XLIV) 1. I ſhall here give an Account of the Me- 


chaniſm of that Inſtrument, which I call a CoMETA- 


RIUM; for though Dr. Deſaguliers has (the firſt of 
any I know of) deſcribed it under the Character of 
Part of a PLANETAR1UM, and by it repreſented the 
Motion of the Planet Mercury; yet I conceive it 1s 

ſent the Motion of a Co- 
met than a Planet, begauſe none of the Planets deſcribe 


Orbits 


MECHANICS. 


Orbits ſenfibly Elliptical, whereas thoſe of the Comets 
are very much ſo. I have therefore altered the Doctor's 
Contrivance, and adapted it to the Motion or Theor 
of the Comet of the Year 1682, whoſe Period is 751. 
Years ; and have moreover altered the Mechaniſm of 
the Parts, by which the Inftrument is rendered much 
more elegant and uſeful. 


2. The Structure and Rationale of this Inſtrument is Pl. XII. 
as follows. When the Lid is taken off the Box, the Fig. 2. 


internal Parts appear as in the Figure. N O and QT 
are two Elliptic Wheels turning each other about their 
Foci I and 8, by means of a Cat-Gut String in a Groove 
on their Edges, croſſing at K. Theſe oval Wheels are 
fixed in Arbors or Axis which paſs through the ſame. 
Focus S and I in each; the Oval NO is moved by the 
circular Wheel I, fixed alſo upon the fame Axis, but 
above it on the Bar or long Piece CV; which Wheel 
is itſelf moved by another equal Wheel G, and that by 
an Endleſs-Screw, turned by a Winch, on the outſide 
of the Box. All which is evident in the Figure. 

3. The Perimeter of the Oval Q T, where it touches 


that of N O, will have a Velocity always proportional 


to the Diſtance from I, that 1s, -in the Points K, 7 8 
2, I, Sc. the Velocities will be as the Lines K, 
14, I 3, I 2, I 1, Sc. which may be confidered as 


Levers acting upon and moving the Oval QT in. 


thoſe Points. Now if the Ovals are ſuch that SK is 
to SV, or I K tol 1, as 6 to 1, then will the Point K 


have 6 Times the Velocity turned by the Lever IK, as 


the Point V will have when it has made 4 a Revolution, 
or is come under the Point 8, where it is turned by the 
Lever I s, than in the Situation IS. | 

4. If we take S PSS K ZIS, and upon the Point 8, s, 
as Foci, you deſcribe the Ellipſis P LIM, that will re- 
preſent the Orbit of the Comet, or the Figure of the 
Groove on the Lid of the Box, in which a round Braſs 
Ball, repreſenting the Comet, is made to ſlide along on 
a Piece of Wire, called the Radius Vector, fixed at one 
End into the Top of the Arbor at 8, where we may 
ſuppote 
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met; and about the Axis of the Wheel 
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Is WATER-MILLS, the Momentun 
of the falling Water is the Power ; the Force 
to be overcome is the great Attrition of the 
two Stones in grinding the Corn, c. which 
is effected wholly by a Complication of 


Wheels and Axles. A Query may here be 


put, Why, ſince the Power conſtantly acts 
upon the Wheel, the Motion of the Wheel 
ſhould be equable, and not accelerated : The 


Anſwer is, The Increments of Velocity keep 


riſing, till their Momentum is equall'd by the 


Reſiſtance of the Machine; after which Equi- 


librium 


ſuppoſe the Sun to be, and is accordingly repreſented 


by a filvered Plate at Top. 


The Place of the Comet at P is called the Peri- 
helion, as being there neare/t the Sun; as I is its Aphe- 
lion or Point of greateſt Diſtance. Since SP=SK, the 


Velocity of the Comet will be in the Point P equal to 


that of the Point K; and were the Comet's Aphelion 
at s, its Velocity there would be equal to that of the 
Point V when under s, viz. ſix Times leſs than before; 
but fince the Comet's Aphelion is at I, and ſince the 
greater Arch deſcribed in the ſame Time muſt have a 
greater Velocity, the Velocity of the Comet at J will 
be about one-third of that at P. 
6. The ſilvered Ellipſis on the Lid of the Box is di- 
vided into 100 Parts, ſhewing the Anomaly of the Co- 
G is placed a 
Silver Circle, divided into 751 _ Parts, repreſent- 
ing the Years or Period of the Comet, with a proper 


Index, pointing to thoſe Diviſions, by which Means 
At 18 eaſy to ſhew the ſeveral Particulars relating to the 


Theory of elliptic Motions, whether of a Planet or 
Comet. | . 


5 hd 63 © ©, Mp4 we 
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librium the Wheel goes on with an uniform 
Motion (XLV). 2 55 | 


(XLV) The Mechaniſm of a Water-Mill depends 
upon the following Principles. gb, Ns 

1. The Action or Power of the Water which drives 
the great Wheel. Here it will be neceſſary to deter- 
mine its Force iſſuing out of the Aperture of the Sluice 
or Pen-Stock, and alſo the Velocity of its Motion when 
the Height is known; and the Height neceſſary to pro- 
duce a given Velocity. | — 948 

2. As to the Force of Water iſſuing through the 
Sluice, that is, its momentary Impulſe, we ſhall ſhew 
from Hydroſtatic Principles, that it is always propor- 
tional to the Altitude of the Water above the Center of 

e Hole through which it paſſes. And fince we know 
by Experiment that a Cubic Foot of Water weighs very 
nicely 1000 Ounces Averdupois, or 62, 5 lb.; if we find 
the Area of the A re in Feet and Parts, and mul- 
tiply that by the Number of Feet the Water has above 
the Center, and laſtly, you multiply that Product by 
62,516. this laſt Product will be the Force of the Water 
expreſs'd in Pounds Averdupors. 

3. For Example; ſuppoſe the Width of the Sluice 
12 Inches, or 1 Foot, and that it is drawn up to the 
Height of three Inches, or o, 25 of a Foot, the Area of 
the Aperture will then be 1 x0,25=0,25 ; if the Height 
of the Water be 7,5 Feet above the Orifice, then 9,5 x 
0,25 will be 1,875, which multiplied by 62,5 gives 
116,1875, or about 116, 275. for the inſtantaneous 
Preſſure of the Water on any Obſtacle. 

5. To find the Velocity, and conſequently the 
Quantity of Water expended at the Orifice in a given 
Time, we muſt confider that a Body falls 16,2 Feet 
in the firſt Second, and acquires a Velocity which in 
an horizontal Direction is at the Rate of 32, 4 Feet per 
Second; now let 8 be any other Space and the horizon- 


tal Velocity V; then we ſhall have 16,2: 8: 32745 


32, 4 
16,2 


: V*; therefore 32,4*S = 16,2 V, and fo * 8 * 
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V', that is „d S = v. Now fince 82 7,8 


Height of the Water above the Center of the Orifice, 


:60 :: 7,5: t* 1666, 6, the Square Root of which 


is 40% 8; now ſince the Velocity of ſpouting Water is 


uniform, there will paſs twice 7,5 or 15 Feet in 
40%8; and therefore if 40“, 8: 15 F.:: 6o” : 22 F. 
and a little more, the ſame as before. 

7. If the Velocity be given, and it be required to 
find the Height of the Fall neceſſary to produce it; 


we have from the foregoing Theorem (64,85 = V, ) 


FTE ſo that if the given Velocity be 22 Feet per 


Second, then V=22, and 8 — 7 — = 7,5 nearly, the 


Height of the Water above the Center of the Aperture. 
For the Velocity of Water is the ſame in the Fall thro' 
any Space or Height, and in the Orifice of a Sluice at 
the ſame Depth below the Surface. 

8. The Quantity of Water iffuing out is thus deter- 
mined for any given Time ; fince a Column of Water 
= 22 Feet is produced in 1 Second, we ſhall have 69 
X 22 = 1320 Feet in 1 Minute, or 158400 Inches; 
and the Area of the Aperture being 12 x 3 = 36 Inches, 
we have in that Column 158400 x 36=5702400 Cubic 
Inches; which divided by 282, gives 2022 Gallons, or 
32 Hogſheads 6 Gallons, which ſpouts on the Wheel 
in a Minute, | | | 

9. If we now ſuppoſe this Column of Water flowin 
into the Buckets of an Over-ſhot Wheel, which is 1 
Feet in Diameter, and has 30 Buckets on its Periphery, 
(as in the Caſe of that at the Bar-Pool, by the Abbey 


in Nun-Eaton in Warwick/hire, which is reckoned the 


beſt in England) then the Water will a& on the Wheel 


by two Forces, viz. of Impulſe and Weight. The 


Impulſe or Stroke, were it made in a Tangent-Direc- 
tion, and perpendicular to the Sides of the Buckets, 


would be equal to 116/6, (by Art. 4.) But fince it 


runs 


ve muſt abate more than one H 


MrcefgaAx fes. 


runs ſome Diſtance in à Trougb before it comes to the 
Wheel, and the Buckets are placed not at Right Angles, 
but nearly at the Angle of 45 Degrees with the Cir- 
cumference of the Wheel, and ſo the Water muſt 
ſtrike them very obliquely; I ſay, on theſe Accounts 
| of the Force of Wa- 
ter, and may take about 5046. for a Medion > 

10. The Weight of the Water is more or leſs in 
twelve or thirteen of theſe Buckets on the Fore- part of 


the Wheel, but moſt of all on that Bucket at the End 


of the horizontal Diameter, becauſe there no Part of the 
Water reſts upon the Perimeter of the Wheel or Sides of 


the Bucket, but gravitates with its whole Weight in 4 


Tangent to that Part of the Wheel: What that Weight 
in that Bucket is, may be thus found. It was ſhewn 
that when the Engine is in the greateſt Perfection, the 
Velocity of the Wheel ought to be equal to one-third of 
that of the Water. (See Annotat. XL. 6.) Now fince 
the Diameter is 16 Feet, the Circumference will be 


50,3; and the Velocity of Water being 1320 Feet per 


Second, one-third of that is 440, which divided by the 
Circumference gives 8 Revolutions of the Wheel in a 
Minute. The Aperture of the Sluice gives 2022 Gal- 
lons per Minute, which divided by 8,7 gives 232,4 
Gallons, which again divided by 30, (the Tundus of 
Buckets) is 5,7 Gallons for a Bucket. 

11. Now a Gallon of Water weighs 10,2 75. (for 
1728 625 :t 282 : 10, 2); therefore 7,7 * 10, 22784. 
for the Weight of Water in each Bucket. But as Part 
of this Water runs out of the Buckets in the lower 
Quarter of the Wheel, and what remains gravitates in 
various Degrees of Obliquity to the Radii of the W heel, 
as does all the Water in the full Buckets above the 
horizontal one, we muſt allow for the total Weight 
about 45016. (as will be found near the Truth by Cal- 
culation) to which if we-add-the 50 16. for Impulſe, 
the whole Force of the Water on the Wheel will be 


50016, „51 157% be 
og- Wheel be 3,5 Feet Radius, or 7 


12. If the Co 
Feet Diameter (as in the Mill above-mentioned) then, 
as 7\: 16.':: goolb. : 114316. = the Force of the Cogs 
to turn the Wallower or Trundle, which Force is ap- 
plied to overcome the Refiſtance ariſing from the 

a. P Weight 
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Weight of the Stone, the Friction of the Geer in gene- 
ral, and the great Friction of the Stones and Corn in 


grinding. c e ene e 
13. ob! ca the Diameter of the Trundle 1,5 Foot, 
or 18 Inches, and that of the upper Stone 6 Feet; then 
as 6 : 15:: 1143 : 285,716. = the Force at the: Periphe- 
ry of the Stone. If there be 48 Cogs in the Cog- Wheel, 


and nine Rounds in the Trundle, men ©. = 5, 33 


the Turns or Revolutions of the Trundle for one of the 


Water- Wheel; wherefore ſince the Wheel makes 8,7 
in a Minute, the Trundle, and of courſe the Stone, 
will make (8, & 5, 33) 464 Turns in a Minute. The 
Circumference of the Stone is 18,84 Feet; whence 
18,84 * 40, 5=876 Feet per Minute, for the Velocity of 
the Stone's Periphery. 4 AGM DEF ITY TOR 
14. Suppoſe the Stone contain 22,5 Cubic Feet, or 
its Weight 1912/6. then the mean Velocity of the Stone 
being that Point of the Radius two-thirds of its Length, 


_ conſequently two-thirds of the Velocity 876 at the Pe- 
. Tiphery, viz. 584, will be the mean Velocity of the Stone, 


which multiplied by 1912, viz. 1912 x 584 1116608 1b, 
would be the Expreſſion of the Momentum of the Stone per 
Minute, were it to preſs upon the Corn with its whole 
Weight, which it does not; for nearly the whole Weight 
being ſupported by the Pivot of its perpendicular Spindle, 
a yery {mall Part thereof is 1 in the Triture of 
the Corn, for that is principally effected by the violent 
Rotation of the Stone producing a centrifugal Force. 

15. This circular Motion of the Stone brings the 
Corn out of the Hopper by Jerks, and cauſes it to re- 
cede from the Center to the Circumference in a ſpecial 
Manner; the Corn, while whole, caufing the Stone to 
riſe a little higher above the fixed Stone than it would 
otherwiſe do, begins to 'be:cruſhed by the Weight of 
the Stone gently preſſing upon it, and the more ſo, as 
it approaches the Circumference, where being quite re- 
duced to Flour, it is thrown out of the Mill by the 


5 Force of the Stone through a Hole for that 
urpoſe. | 


16. When 1 N. the Stone preſſes gently and | but 
with a very' mall Part of its Weight on the Corn, it is 
| | | implied, 
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| I 


4 
1 
% 


Fs "HET T | 


A_ 
q 


Mrenax res 


implied, that the Piece of Wood which ſupports the 


Stone on the Pivot of its Spindle muſt be ſomewhat ela- 
ſtic or ſpringy, in order to admit of an eaſy and ſmall 
Degree of Motion upwards and downwards, as the 
Stone is more or leſs reſiſted by the Grains of Corn, b 
which Means the Surfaces of the two Stones will have 
always a varying Diſtance, and ſo be adapted for Tri- 
turation and Comminution of the Corn in any Degree; 
whereas, if the ſupporting Piece were perfectly rigid or 
fixed, the Stones muſt always be at an equal Diſtance, 
and the Flour very courſe, becauſe it cannot be affected 
by the upper Stone after the whole Grain has received its 
firſt Impreſſion, or ſuffered its firſt Comminution. And 
the nicer this Point 4 Support is adjuſted, ſo much the 
more nice and exact will be the Work done by the 
Mill, or ſo much the better will the Flour be that is 
produced thereby. | 1 
17. As the Water acts upon an Over ſhot-Mill both 
by Impulſe and Weight, ſo does it likewiſe on a Breaſt- 


Mill, or that where the Water comes upon the 22 | 


or middle Part of the Wheel; and here, thou 
Weight of the Water on the Wheel is not ſo great as 
before, being contained in the Buckets of the lower 
Quarter only, yet the Impulſe of the Water is much 

ater, the Height of the Water being increaſed nearly 


e Semidiameter of the Great Wheel, Al other Things 


being equal. | — | . 

18. If the Height of the Water remains the ſame, 
the Aperture of the Pen- ſtock muſt be enlarged to 
nearly twice the Area, that the Force of Water may 
be the ſame; and in this Caſe there will be twice the 
Expence of Water as before; ſo that as much more 
Water 1s — for a Breaſt-Mill than for an Over- 
ſhot one, every Thing elſe being the ſame, * - 
19. Since, the Spout of Water is in the Curve of a 


Parabola, the Orifice through which it iflues.. ſhould 


not be juſt- againſt the Middle of the Wheel, fot then, 


if it were very near the Wheel, great Part of the Force 
would be ſpent in ſtriking the Wheel directly againſt 
its Axis, and ſo would make the Motion round more 
difficult; and if it were not very near the Wheel, the 
Spout would reach only ſome of the lower Huckets, 

— ' wot 6 * — P 2 . — e and 
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and none go to thoſe on the Middle, where the Effect 


would be rather greater. Therefore the Orifice of the 
Pen- ſtock ought to be ſituated ſome little Height above 
the Middle or horizontal Diameter of the Wheel. 

20. In order that the Water may have the greateſt 
Effect on the Wheel, Dr. Barker has conſtructed it 
with 24 Ladle- Boards, (inſtead of Buckets) of 18 Inches 
Square: theſe Ladle-Boards paſs through a quadrantal 
Channel of the ſame Dimenſions nearly, or a little more 


than 18 Inches Square, that the Motion may be free. 


The Water entering on the Top of this Channel is 


PI. X111 kept wholly on the Boards, till it comes to the Bottom, 


Fig. 1. 


Fig. 2. 


where it goes off without interrupting the Motion of 
the Wheel. The Contrivance is very uſeful, and may 
be eaſily apprehended by the Scheme, where A DBE 


repreſents the Wheel with, its Ladle- Boards, C the Axis, 


F the Jet or ſpouting Water, G HI the Square Chan- 
nel or Trough in which the Ladle-Boards with the 
Water deſcend to I, where the Water is diſcharged from 
the Wheel. r 

21. In Fig. 2. e have a Section of the Sole or Pe- 
rimeter of 2 Wheel, and the Channel with the Ladle- 
Boards in it; thus abcd is the Sole of the Wheel, fg hi 
is the Section of the Channel open on the Part next the 
Wheel by a narrow Slit, in which ek is the Part called 
the Tongue, which projects from the Sole to fill up that 
Slit, that the Water may not run through it; /mns 
is one of the Ladle- Boards put on upon the Supporter 


pg, Which goes through the Tongue and Sole of the 


Wheel, with a Hole behind at , through which a Key 
or Wedge, like a Piece of Wood, being driven, faſtens 
it with the Board to the Wheel. Thus you ſee by this 
Means how great the Force of the Water muſt be on 
the Wheel, and how much leſs will ſuffice here than in 
the common Way. 05 5 
22. As to an Under/hot-Wheel, it is evident there can 
be only the Force of the Impulſe from the Water on 
ſuch a Wheel ; and therefore the Height of Water re- 
maining the ſame, there muſt be à larger Aperture of 
the Pen-ſtock, that ſo a greater Quantity of Water 
may come upon the Float-Boards in the ſame Time, 
| to 
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to have an equal Momentum, or to produce the ſame 
Effect as in the Over/hot or Breaſi-Wheel, Whence a 


greater Expence of Water will be made here, than in 


any other Sort of Mill, and can only be ſupplied for a 
Conſtancy by a River; and where there is not a Want 
of Water, this is the eaſieſt, cheapeſt, and moſt fimple 
Structure a Mill is capable of. 

23, In this Caſe, tle Float-Boards are to be placed 
perpendicular to the Sole or Periphery of the Wheel, 
becauſe when they come into a vertical Poſition at the 
Bottom or loweſt, Part of the Wheel, they will then re- 
ceive the horizontal Impetus of the Water dire&ly, and 
therefore with the greateſt Force. If the Water-Courſe 
be ſufficient to cover the Float-Boards, that is enough; 
all that is more, runs waſte, either by the Sides or un- 
der the Floats, or both. | 

24. Let XYZ be an Underſhot-Wheel, and HC the PI XIII. 


Water coming upon it in the Direction HC. Now if Fig. 3: 


there were ſo few Float-Boards, that when one, as 


D E, became vertical, the next on each Side I K, LM, 


ſhould but juſt touch the Surface of the current Water, 
then would the Water ſtrike the ſaid Float-Board DE 
with all its Force. But when the two Floats K and E 
come into the Situation C and G, then will the Water 
ſtrike but a Part of the Float C, viz. BC, and that too 
obliquely, which is to be eſtimated by A C, the Sine of 
the Angle of Incidence; and fince we ſuppoſe the Sec- 
tion of the Water equal to the Area of a Float-Board, 
it is plain the Float C will intercept the Water from 
the Float G, ſo that none can ftrike it; and therefore 
the Force of Water will be every where leſs than upon 
the Float-Board in the Site DE. So that the Force 
upon the Wheel will always be fluctuating between AC 
and DE, which will be the two Extremes. bh: 
25. If the Float-Boards are ſo many, that while one 
is vertical as DE, others on each Side, as C and G, 
are alſo partly in the Water-Way; then in this Caſe it 
is beſt 'to have the Stream of Water larger than the 


Floats, that ſome may run beſide, and fill up the Space 
between, that ſo the Floats C, E, G, may all be im- 
pell'd at once; for the Back- Water, here, having a 
greater Velocity than that of the Wheel, will ſtill _ 
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the Float G forward; and though it be an oblique 


Force, it will always avail ſomething ſo long as it 
touches the Float; and cannot be eſteemed a Negative 
Quantity, as ſome have aſſerted. | 

26. Since many may be curious to know how the 
Force of Impulſe and Gravity of the Water in the Buc- 
kets of an Over/hot-Wheel is to be computed or eſtimated 
to a Mathematical Exactneſs, I ſhall here give the 
Method, and illuſtrate it by a Scheme? Let ABC, Sc. 
be the Buckets of an Overſhot-Wheel, (having twenty- 
four in all) inclined to the Periphery in an Angle of 
forty-five Degrees: Thoſe with Dots or Points repre- 
ſent the Buckets with the different Quantities of Water 


they contain, among which the largeſt Dots in the 


Middle repreſent the Centers of Gravity of the ſeveral 
Bodies of Water. Now ſuppoſe the Water comes upon 
the uppermoſt Bucket A in the horizontal Direction 


XA, though by its Curvature at entering the Bucket 


it cannet ſtrike the Side of the Bucket directly, yet, 
fince the Side of the Bucket obſtructs and ſuſtains the 
ſaid whole horizontal percuſſive Force, and that under 
an Inclination of forty-five Degrees, we may conclude 
that half that percuſſive Force is ſpent in turning about 


the Wheel. 


27. As to the Force ariſing from every deſcending 


Bucket of Water, it may be eafily determined by find- 


ing the Bulk of the Water in each Bucket, and multi- 


plying that in the perpendicular Diſtance of the Line 
0 


Direction of the Center of Gravity from the Center 
of Motion. Hence, with reſpe& to the firſt Bucket 
A, ſince its Center of Gravity acts in the Direction 


_ VN, that is, perpendicularly on the Center of Motion, 


that Product, or the Weight of that Bucket of Water, 
will avail nothing to move the Wheel round, as being 
wholly ſupported on the Axis of Motion. 

28. But the Water in the ſecond Bucket B gravitat- 
ing in the Direction RO, at the perpendicular Diſtance 
NO from the Center, if we multiply its Maſs or 
Weight into the Diſtance NO, we ſhall have its Mo- 


mentum or Force to move the Wheel; and ſo of any 


other. Here we may obſerve, that as the Water in the 
Buckets decreaſes, the Diſtances increaſe from the 
Center, in the upper deſcending Quadrant; and __ 
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the Diſtances increaſe much faſter than the Quantities 
decreaſe, the Forces will increaſe till we come to the 
horizontal Bucket F, which is half full of Water; from 
thence it decreaſes to the Bucket I, where all the Water 
runs out, as being parallel with the Horizon, or Di- 
ameter K M. And hence we' ſee four Buckets: on the 
lower deſcending Quadrant carry no Water, when they 
are inclined to an Angle of 45 Degrees. | | 

29. I ſhall here ſubjoin a Specimen of the Compu- 
tation, ſuppoſing the Wheel and Buckets ſuch as in the 
Scheme, and the Qyuantities of Water, and Diſtances 
of their Centers of Gravity, the ſame as in the Table 
below. 2 8 | 

| Water in Diſtances from Momenta of 
the Bucket. the Center N. each Bucket. 


A = 190: 0 1-3 6 
B I-22 x NO = 23 —.*, 
CY BS . x NERDS. 00 : 
D = o, NQ o,85 = 0,595 
F Xx NL" once -=0,8- 
2— IT SS EEERCS 
0G E054 K ( 

H. S M » 00 


The Total of all the Buckets. = 3,005 


That is, the Momentum of Water in all the Buckets is 

ual to the Momentum of three Times the Water con- 
tained in the Bucket A, and hanging at the End of the 
horizontal Diameter K M 

30. 1 ſhall conclude this Theory of Mater-Mills, 
with a 3 of Dr. Barker's new- invented Mill, 
of the moſt ſimple Structure of any yet made, perform- 
ing its Effect without any Wheel, Trundle, Cog, or 
Round; the Nature of the Machine, and Manner of its 
Operation, will be eaſy to underſtand from the follow- 


ing Account of its ſeveral Parts. | 
31. ABCD is an upright Frame ſtanding on a pro- PI XIII. 


low Pipe or Tube, fixed at the Bottom ta an horizontal 
Square Trunk IK; which Trunk, together with the 
Tube, is fixed to an upright Spindle or Axis RS, by 
means of a Nut and Screw at 8. The lower End of 


P 4 the 


per Baſe; EF is the wider Part of GH an upright hol- Fig. 5. 
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the Axis on a ſine Point moves in the Pivot Hole in the 


Part of the Frame at T; on the upper Part of the 
Frame is a Hole thro' which the Spindle paſſes, as alſo 
thro? the round circular Piece P fix d on the ſaid Frame; 


on the upper Part of the Spindle is fix d another round 
circular Piece O, which: repreſents the upper moveable 


Stone of the Mill. Qis a Spout of Water filling the 
Tube or Trunk, and giving Motion thereto, and con- 
ſequently to the Axis and upper Stone, by the horizontal 
55 of Water from each End of the Trunk I K, thro' 

oles made at each End on contrary Sides. | 
32, While the Holes continue ſtopped, the Trunk 
will be at reſt, becauſe then the Preſſure is equal over 
all the Parts: but when the Holes are open, the Preſ- 
ſure of the Water (by its having Liberty to iſſue out) 
will be leſs on that Part where the Hole is, than on 
the other Part oppoſite to it; which ſtronger Preſſure 
will prevail, and carry round the Trunk and Tube with 
the Axle and Stone, in a contrary Direction; and each 
Hole contributes to produce this Motion, which will 
be greater or leffer in Proportion to the Momenta of 
28 of Water, or greater or leſſer Aperture of the 

oles. wy 1 3 | 

33. For it is eaſy to underſtand, that the Power of 
this Machine is derived from, or depends upon, three 
Things: (1.) The Velocity of the Spouting Water; 
(2.) The N thereof; and (3,) The Diſtance at 
which the Water ſpouts from the Axis of Motion, The 
two firſt make the Momentum ariſing from the Preſſure 
of the Fluid, which is proportional to the Altitude, or 
Height of the Tube; the laſt is of a Mechanical Na- 


ture, for the Trunk is in this Reſpect exactly of the 
Nature of the Lever. 


34. In the Lecture of Hydroſtatics it will be ſhewn, 
that the Velocity of the ſpouting Fluid will be as the 
Square Root of the Altitude of the Fluid ; whence this 
Part of the Force will be in the Subduplicate Ratio of the 


Height of the Tube, The Quantity of the ſpouting 
Fluid will be alſo in the ſame Ratio, while the Aper- 
- tures are the ſame; but if theſe vary their Magnitude, 


it will be directly as the Aperture, the Altitudes being 
given, Therefore the whole Momentum ariſing ok 
1 K . . thele 
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theſe hydroſtatical Principles will be as the Altitude of 
the Tube, and Sum of the Apertures conjointly; and if this 
be multiplied by the Diſtance of the Aperture from the 
Center or Axis, we ſhall have the Expreſſion” of the 
whole Force of the Machine. 

25. That is, if H = the Height of the Fluid, -A = 
Sum of both the Apertures, and D = Diſtance of each 
from the Axis; then we ſhall have the Momentum M 
expreſſed by M HAND. Hence we ſee that the 
Trunk IK is analogous to the great Wheel of a com- 
mon Water-Mill, whoſe Force is in the ſame Manner 
computed from the Height of the Fluid H, the Aperture 


of the Sluice A, and the Diſtance or Radius of the 


Wheel D. | | en” 
36. For both in the common Mill and this, if the 
Aperture A and Diſtance D from the Center be the 
ſame, the Force of the Jet will vary with the Height 
of the Fluid H. Alſo if the Height of the Fluid H and 
Length of the Trunk or Diameter of the Wheel D re- 
main the ſame, the Force will be as the Aperture A, or 
as the Quantity of the Fluid flowing out in a given 
Time. Laſtly, if the Height of the Fluid H, and the 
Aperture A continue the ſame, the F orce will be as the 
Diameter D of the Wheel, or Length of the Trunk of 
this new Mull. 2 2 | 
7. I ſhall now give a Calculation of the Power of 
this Machine; and in the firſt Place, let us ſuppoſe the 
Height of the Tube to be 9 Feet, and always full of 
Water; the Velocity of the ſpouting Water will be the 
ſame that a Body will acquire in 3 9 Feet, viz. 
an uniform Velocity of 18 Feet in the Time of the Fall ; 


which Time is thus found, as 16 : g: £541 76 = the 


Square of the Time, whoſe Square Root is ?, that is, 
3 of a Second. Therefore ſay, as *: 18 : ; 1: 24; the 


uniform * at the Rate of 24 Feet per Second, 
in the ſpouting Water, from 9 Feet Altitude. 

38. Let the Aperture at each End of the Trunk be 
6 Inches Square, then in both there will be 72 Square 
Inches, or half a Square Foot in Area. The Water iſ- 
ſuing out in a Second at both Orifices will be equal to 
a Column 24 Feet long, and half a Square Foot in Baſe; 
therefore the whole Water will be equal to 12 Cubic 

| 1 | 


Feet. 
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7 Feet. The Weight of one Cubic Foot is 62116. 7 


wherefore 624 x12=7501þ...is the Force acting on the 


Trunk, ſuppoſing the Depth of Water only one Foot; 
but ſince it is at the Depth of 9 Feet, we have 9X 750 


=67501b. acting upon the extreme Parts of the Trunk 
per Second. N PESTS We.” 

39. Let us now ſuppoſe the Length of the Trunk to 
be 6 Feet; then the Motion is made by a Power of 
6750 1b. acting at the End of a Lever three Feet long; 
conſequently 6750 x 3z20250/1b. the Momentum of the 
Wheel per Second. * 

40. Now the Velocity of the Trunk at the Orifices 
will be the ſame as that of the Water nearly, while the 
Mill is not charged; but that of the Water is 24 Feet 
per Second, and the Circumference which each Orifice 
deſcribes in 18,84, or 19 Feet nearly; therefore the 
Trunk turns round a little more than once per Second. 
But when the Mill is charged with the Stone, Corn, 
Sc. the Velocity will not then be ſo great; and we 


have ſhewn (Annot. XL. 6.) that it ought not to be 


above one+third Part of that of the Water, viz. at the 
Rate of 8 Feet per Second; but let us ſuppoſe it a little 
more, 22. 92 Feet, then will the Trunk move round 
once in two Seconds. .' .. 41 72% | 

41. If we ſuppoſe the Stone 6 Feet in Diameter, its 


Velocity in the Periphery will be the ſame with that of 


the Trunk; v:z, 9 Feet per Second; but two-thirds of 


"this is the mean Velocity of the Stone, which is there- 


fare but 6, Feet per Second. Suppoſe the Weight of 
the Stone 191276. and that one-third of this be allowed 
for Friction, viz. 6371b. then 6,3 * 637) 4016 1b. the 
Moment of the Stone by its Refiſtance ariſing from one- 
third of its Weight; but this is only when the Stone is 
firſt put into Motion ; after it is in Motion, this Momen- 
tum is greatly leſſen'd by the centrifugal. Forces; and 
therefore if we allow 4000 Ib. for the Momentum ariſing 
from the Weight of the Stone, Attrition of the Corn, 
Sc. it will be but one-fifth Part of the Momentum of the 
Trunk or Mill, which we ſhewed was 20250 P. 
42. Here we have ſuppoſed the Mill to carry the 
largeſt Stone that is uſed in any Mill, and that the . 
of the Mill is five Times greater than the Reſiſtance ” 


* 
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Is WIND-MILLS the Mechaniſm is 
the ſame, only the Vanes or Sails are to 
be conſidered as a Wheel on the Axle, actu- 
ated by the Power of the Wind. In this 
Machine we have only to conſider the Po- 
ſition of the Sails, and the Power of the 
Wind, As to the former, if the Sails 
ſtand rigbt before the Wind, it cannot afe 
fect them at all; if they ſtand direct to. the 
| | Wind, 


be overcome ; the Quantity of Water therefore in the 
Jets may be diminiſh'd a Fifth Part, and conſequently 
the Apertures; which therefore, inſtead of being 72 
Square Inches, need be only 15 or 16. If therefore at 
each End of the Trunk there be an Aperture of four 


Inches long and two wide, the Jets from the Altitude 


of nine Feet, at three Feet from the Axis, will have a 
Momentum ſufficient for turning the largeſt Stones. 
43. I ſhall only obſerve further, that there are many 
mechanical Purpoſes to which this Invention might be 
made ſubſervient, as it has ſo great a Power of Mo- 
tion in ſo eaſy and fimple a Structure: And alſo, that 
the Water-Wheel of a common Mill, if placed in a 
horizontal Situation, and the Sluice ſo ordered as to 
throw a Side-Jet in a Tangent Direction on the Ladle- 
Boards, ſuch a Wheel would be in the ſame Circum- 
ſtances nearly as the Trunk of this' New Mill, and 
therefore might be made to anſwer all the ſame Inten- 
tions, and capable of nearly all the ſame Advantages. 
44. I need not obſerve to the Reader, that whatever 
Quantity of Water is expended at the Jets, -as that 
muſt be ſupplied at the Top or Ciſtern of the Tube, fo 
the Stream which ſupplies it muſt be as much longer than 
the Jets, as its Velocity is leſs; becauſe what is defi- 
cient in one Reſpect muſt be made up in the other. 


There are ſeveral other Circumſtances and Particulars, 


which may deſerve to be confider'd, when it ſhall be 


found to anſwer any valuable End, beyond that of mers 
Speculation, | 
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Wind, the Mill will be blown down, at 
leaſt the Sails can have no Power to move 
round; they muſt therefore be placed oblrque 
to the Wind, and that under an Angle of 


54 Degrees, and 44 Minutes, for the greateſt 
Advantage (XLVI). 


(XLVI.) The internal Parts of a Wind-Mill are the 
fame with thoſe of a Water-Mill nearly, of which I 
ſhall take no farther Notice, but ſhall confine myſelf 
to the Theory of the Sails in regard of their Poſition, 
Motion, and Figure, 

I. In regard of the Poſition of the Sails, we muſt 
conſider that if they are placed Dire# to the Mind, or 
at Right Angles to the Axis of the Mill, they will re- 
ceive the whole Force of the Wind, which in this Caſe 
will tend to blow them forward, and conſequently to 
blow down the Mill; which Poſition of courſe cannot 
be admitted. . 9 t 

2. If the Sails are ſet Right to the Wind, or parallel 
with the Axis of the Mill, 'tis plain that in that Po- 
fition the Wind cannot act upon them at all, and there- 
fore they cannot be turn'd round, nor the Mill put into 


Motion; which Pofition of the Sails muſt likewiſe be 


Pl. XIII. 
Fig. 6. 


rejected. | | | 

3. Since neither the Direct nor Right Poſition of the 
Sails will do, an Olique _—_ muſt, as there can be 
no other. Now to ſhew that an Oblique Pofition of 
the Sails will turn the Mill, let AB be the Axis, CD 
a Sail, and its Angle of Obliquity (viz. that which it 


makes with the Axis) be ECG; then if GC be the 


Force of the Wind in the Direct Poſition of the Sail, 


GE will be the Force of the Wind in its Oblique Poſi- 


tian (as being the Sine of the Angle of Incidence GCE). 
But the Force GE is reſolvable into two others, E F 
and GF; of which the latter, being parallel to the 
Axis, avails nothing in turning the Sails about it ; but 
the other, EF, being perpendicular thereto, is yo 
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ſpent in compelling the Sail to turn round; which was 
the Thing to be ſhewn. 3 
4. The Force of the Wind on the Sail will be as the 


Square of the Sine of Incidence, or as CE“; for che 

Force of each ſingle Particle of Air will be as the Sine pl. XII 
G E, (by Annot. XXIV. 6.) and it will be alſo as the Pi, El 
Number of Particles which ſtrike it at the ſame Time, 8 7 
which Number of Particles is alſo as the Sine of Inci- 


Sail in a direct Poſition, and CG the ſame in an ob- 
lique Poſition, *tis plain the Number of Particles ftrik- 
ing it in the former Caſe will be to the Number ſtriking 
it in the latter as CD to CF, which is equal to GE 
the Sine of Incidence; for all the Particles between AD 
and BF will not come upon the Sail in the oblique 
Poſition CG. Since then the Force of the Wind on 


dence GE. For let CD repreſent the Section of the 5 4 
| 
| 
| 


the Sail is on two Accounts as GE, it will be as the p | 


Square of the ſaid Line GE. ; 

5. If we ſuppoſe the Velocity of the Wind to vary, 
the Force thereof will be as the Square of the Velocity ; 
tor the greater the Velocity, the greater will be the 
Stroke of each ſingle Particle, and alſo the greater will 
be the Number of. Particles coming upon the Sail in the 
{ame Time; the Force will be therefore as the Squares 


6. Again, if the Area of the Sail be variable, the 
Force of the Wind will be directly as the Area or Su- 
perticies of the Sail, becauſe the Number of Particles of 
the Air coming upon it will always be proportional there- 
to, and conſequently the Force with which they ſtrike 
it. Hence, it A, 8, and V repreſent the Area, Sine 
of Incidence, and Velocity of the Wind on one Sail, and 
4, 5, v, thoſe on another; the Force compelling the for- 
mer to turn round will be to that eli e latter, 
as AxS*xV* to axs* x27, ad ; 

7. When the Area of the Sail and its Poſition in re- 
ſpe& of the Wind continue the ſame, the Force which 
turns the Sail will be as the Squares of the Velocity; and 
ſince the Wind ſcarce ever blows with one uniform Ve- 
locity, but varies with almoſt every Blaſt, the Force 
upon the Sail will be much more variable and unequal; 
and therefore the Action or Working of a Wind-Mill 

cannot 
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cannot be ſo equal, uniform, and ſteady as that of 4 
Water-Mill, whoſe Power is always of the ſame Tenor, 
while the Jet of Water is ſo: rin 

8. If the Area of the Sail and the Velocity of the 


Wind be ſuppoſed conſtant, the Force of the Wind in 
dhe direct Poſition will be to that in the oblique one 


as GC to GE, as we have before ſhewn ; and it has 


been alfo ſhewn that that Part of the Force which turns 


the Sail is repreſented by EF, when GE is the whole 


Force: But GE Er (:: GC: CE) :: GE": —G@— 


4 


S to the Force which turns the Sail, when the whole 


} 


Force is . e by GEZ, as is here the proper Ex- 


preſſion of it. 5 | 
* 2 
bi This Expreſſion begins from Nothing, 
when the Angle of Incidence begins to be oblique, and 
increaſes with the Obliquity of the ſaid Angle to a cer- 
tain Number-of Degrees ; becauſe that Part of the Force 
which is parallel to the Axis becomes leſſer in Propor- 
tion to that whicli is perpendicular to it; but after 
it has paſſed this Limit; it again decreaſes, and becomes 
nothing, when the Angle of Incidence vaniſhes ; as is 
ealy to underſtand by confidering that the Quantity of 
Wind on the Sail does in this Caſe continually decreaſe. 
10. There is therefore one certain Poſition of the 
Sail, in which the Force of the Wind is greateſt of all 
upon it, or a Maximum; and to find it, put Radius 


GC =a, EC=z, and we have GE* = aa — xx, and 
conſequently the Force . — —_ == which 
Oe ITT 


muſt be a Maximum: Therefore its Fluxion 44 


: Vaa 
Zxxx So; whence aa = 3xx, and ſo ** 2. 
which in Logarithms NR 


2 ; 
9,701439, which is the Logarithm Sine of the Angle 
35" 16'= Angle CGE; and therefore the Angle ECG 
755 7 


Ind K — — — —, my = FAmHISMS K = „ 0 
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is equal to 54% 44, when he Force of che Wind is a 


Maximum, as require. ” 
11. The Angle now found, is only that which gives 
W the Wind the greateſt Force to put the Sail in Motion, 
but not the Angle which gives the Force of the- Wind a 
Maximum upon the Sail when in Motion. What this 
Angle is Mr. Mac Laurin has ſhewn in his Bock of 
Fluxions, and which I have further explained in a Frea- 
tiſe, intitled, New Principles of GEOGRAPHY and NA- 
VIGATION.' + © an oa 
12. Mr. Parent has alſo ſhewn that an Elliptic Form 
of the Sails is better than the -Parallelogram or long 
Square; and that the beſt Poſition of the Sail is not that 
which is common, viz. with its longeſt Side or Dia- 
meter parallel to the Axis of the Sail; but on the con- 
trary, it onght to be perpendicular to it ; that is, they 
ought to be of ſuch a Form, and placed in ſuch a 
Manner, as repreſented in the Figure; and after the four 
Sails B, C, D, E, are thus placed in the Axis or Arm A, pl. X. 
they are then to be turned about, and fixed under the Fig. 9+; 
proper Angle of Obliquity above- mentioned. „ 
13. There are three Things yet wanting to the Per- 
fection of a Wind-Mill. The Firft is, ſome Contri- 
vance in the Nature of a Hy to regulate the Motion of 
the Train, under the irregular and unequal Impulſe of 
the Wind: The Second is, ſome other Contrivance to 
ſupply the Hopper or Stones with more or leſs Corn, in 
9 to the greater or leſs Strength of the Wind. 
And, Thirdly, a Method of altering the Angle of the 
Sail's Obliquity from its Maximum of 54 44 at the 
AUS of the Motion to its' Maximum when in 
Motion, . | 3 | 
14. By means of an Anemoſcope (hereafter to be de- 
ſcribed) it will be eaſy to prove by Experiment what 
Form of the Sails, that is, whether Rectangular or El- 
liprical, whether the Vertical or Horizontal Pofition of 
the longeſt Diameter, and what * 2 Obliquity is 
beſt; alſo whether the Surface of the Sails ſnould be 
plain or concave, with many other Things of this Kind. 
But this muſt be done by as many particular Anemo- 
ſcopes, or in other Words, you muſt have an Anemo- 
ſcope for every particular Experiment, and all diſpoſed 
together in one common Frame; the Reaſon is evident, 
becauſe 


— 
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bec exuſe they, all require the. ſame - Strength of Wind, 


Which cannot otherwiſe be had. | 
15 That theſe Things may be better mh [ 
ſh remiſe the following Definition of ſome Geome- 


trical Lines and Figures, which are abſolutely neceſſary 


Angle H 


to a compleat Knowledge of the modern Mechanical 


rat ke by: 

e it for granted, that the Reader knows, that 
if on of * C, taken in the Right Line A B, a Cir- 
cle A EF be deſcribed, the Point C 1s called the 
- fg and A E the Diamenr. of the Circle; To which 


T ſhall. add,. that AC, or — 4 is called the Radius 
of the Circle, which is the ſame Thing as the Semi- 


Kare ; 

7. T. the Cirele 8 divided into four equal Parts, 
AD=DE= EF = FA, by the two Diameters AE, DF; 
then each of the Areas ACD, DCE, EC F, FCA, 
axe -call'd Luadrants, or Quarters of the.circular Space 


and Parts of the Circle AD, DE, EF, FA, 
are call'a Duadrantal Arches, or Quarters of the Circle, 


18. Every 2 great or ſmall, is ſuppoſed to be 


5 divided into 1 2 ; alte Degrees ; z conſe- 
u 


quently 5 arter, A , Ge. will contain 
of thoſe Degrees, as is Engden mu by the 
large Half-Cirele of Fig. 3. 

19. If two Lines B& and FC meet in a Point C, 


dhe Space FCB included between them is call'd an 
Angle; and the Meaſure of that Angle is the Number 


of Degrees contain'd in an Arch EI of a Circle de- 
ſcribed on the Angular Point C, and included between 
the ſaid two Lines BC and FC. Thus the Angle in 
the Figure contains 40 Degrees. | 
20. . a Line, as GC, be drawn through the goth 
Degree on the Point C, it will make the Angle on one 
Side GC B equal to the Angle G CA on the other 
bio: becauſe each is equal to 90 Degrees. Such an 
ngle is called a Kr Pg Angle; and the Line G C is 
Ben ſaid to be perpendicular to the line AB. 
21. The Angle FCB, which js leſs than à Right 
Angle or 5. Degrees, is called an Acute Angle ; and the 
which, is greater than a Right Angle 
or 90 e is called an Oe , Again ; — 
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Arch ID is called the Complement of the Arch E 1 to a 
8 E D, or go Degrees; and the Arch AK is 
called the Supplement of the Arch EK to a Semicircle 
E D A, or 180 Degrees. | | | 

22. If from the Point I be let fall the Perpendicular 
IL to the Line or Radius EC, then is that Line I L 
called the Sine of the Angle ICE or FCB. In the 
fame Manner the Line I M is the Sine of the Comple- 
ment Arch ID, or Angle I CD. But inſtead of Sine- 
Complement, we ſay, in ſhort, Co-Sine: Thus we fay 
that IL is the Sine, and I M the Co-Sine, of the Angle 
ICE. The Angle FC B is called the Inclination of the 
Line FC to the Line BC; and the Angle F CD is 
the Inclination of the Line FC to the Perpendicular 
DC: That is, FC is inclined to BC in an Angle of 
40 Degrees, and to DC in an Angle of 50 Degrees. 
Hence f L and IM are called the Sines of Inclination re- 
ſpectively. ; 

23. Hence, when we ſay; The Force of a direft Stroke 
:s to that of an oblique one as Radius is to the Sine of In- 
clination, We only mean; that thoſe Quantities are to 
each other as the Radius I C to the Sine IL, or IM, 
according as the Inclination is 40 or 5o Degrees. Alſo, 
when it is ſaid that e centrifugal Force decreaſes from the 
Equator towards the Poles, in proportion of Radius to the 
Co-Sines of the Latitude; no more 1s meant than this, 
that if the Radius CE repreſent the ſaid Force in the 
Equator E, and E I be any given Latitude, then will 
IM, the Co-Sine of the Latitude, repreſent the Force 


in that Latitude: Or, the Force decreaſes with the 


ang of the Line I M, as the Point I moves on from 
to D. — | | | 

24. In ſeveral Books we have Tables of Numbers 
which expreſs the Length of the Sine of every Degree 
and Minute of the Quadrant, in ſuch equal Parts as the 
Radius CE or CI contains 100000. And fince-it is 
of the greateſt Uſe. to know the Proportion of Radius 
to the Sine of every Degree, 1 have here ſubjoined 4 
Table thereof, and a Specimen of its Uſe. 
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2 Deg. Parts. D. Parts. D. Parts. 

iNE of 1] 194519132556] 37 54 630 
2 3403[20f34202] 38161 566[56 3 t26 

J 5233121 35830 3902932 | 90592 

| 597522037450 4004278 97029 
5| 871512313907 3410500 | 97437] 
6 _ 2414007 4| 42]v691 3000 78| 97814 

ke 2 6125142261] 4.3}6819 98162 
1 13917126143837| 44 98480 


15643}27145399] 45 
1067364284947 4b 
| 11019080 29148480} 47 
| 122079 i 30150000] 48 
[ 13122495] 31151503149 


| i 41921 321529911 5017 997 56 
| 152588 1033054463051 99862 
1627563345919 52 


17129237] 35167 3571 53 
18130got 28159775 5418 


25. The Uſe of this Table will be obvious from two 
or three Examples. It was obſerved, that the Power is 
to the Weight it ſuſtains on any Inclined Plane IC, as 
the Height of the Plane I L to the Length thereof IC; 


lhe 


that is, as the Sine of the Plane's Inclination to the Ra- 


dius. Suppoſe the Angle of Inclination I CE = 4o De- 
ees, then will the Sine IL be equal to 64278, and the 
dius CI = to 100900, which Numbers ate as 64 to 
100 therefore 100 Pounds will be ſuſtained an the In- 
clined Plane by a Power equal to 64 Pounds nearly. 

26. Again; ſince E C = 100000 repreſents the cen- 
trifugal Force under the. Equator, then will IM =16604 
(the Sine of o Degrees, and Co-Sine of 40) be as the 
{aid Force in the Latitude of 40 Degrees: Which Num- 


bers are as 1000 to 766; and ſuch is the Proportion of 


the Forces in thoſe two Places. 

27. In the ſame Manner, if the Radius C D =106000 
expreſs the Force of any wire Stroke, then will the 
Sine I L=64278 be expreffive of the Force of an eb/ique 
Stroke in the Direction FC, every Thing elſe being equal. 

28. Again; ſince the Force of a dir& Stroke is ex- 
preſs'd by CD = ioooco if it were required to find 
the Angle of Obliquity, ſuch that the Force - — 

troxe 
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Stroke ſhall be but one-fourth Part ſo great, or 25000; 
look in the Table for the Number neareſt to this, and 
you will pexceive it to lie between 14 and 15 Degrees, 
and therefore about 14 Degrees and a Half is the Angle 
required. 

* In the laſt Place: It was ſaid, That te Force of 
the Wind on the Sail is proportional to the Squares of the 
Sines of the Angle of Incidence. This may be illuſtrated 
by Numbers, thus: If the Sail be turned to the ſame 
Wind, firſt under an Angle of 45 Degrees, and then 
under an Angle of 30 Degrees ; the Sine of the firſt An- 
ole is (by the Table) 10710, and of the latter 50000, 
the Squares of which are 4999904100 and 2500000000, 
which Squares are as 50 to 25, oras2to1; and there- 
fore the Power of the Wind 1s twice as great upon an 
Angle of 45 Degrees, as upon an Angle of 30. 

30. Becauſe the Square of the Sine of 45 Degrees is 
5000000000, twice that Square will be 10000000000; 
which is equal to the Square of Radius 100000; it 1s 
evident the Sum of the Squares of the Sines of any two 
Angles above 45 Degrees will be greater than the 
Square of Radius ; and therefore the Force of the Wind 
upon two oblique Sails, in that Caſe, will be greater 
than upon one Sail ſet direct before the Wind. 

31. After the fame Manner, the Table of Sines may 
be applied to Calculation in any other Caſe of the like 
Nature, where the Proportion of Radius and Sine of au 
Angle is required to be expreſſed or ſtated in Numbers. 
And ſince each Degree is divided into 60 equal Parts or 
Minutes, therefore the Sine of any Number of Degrees 
and Minutes alſo may be eafily found by the fore- 
going Table, by thoſe who underſtand the Rule of 
Proportion. | 

32. 1 ſhall only further obſerve here, that as IL is 
the Sine, and LM the . of the Arch 1 E: So if 
on the extreme Point E of the Radius CE we raiſe a 
Perpendicular which ſhall cut the Line CI, continued, 
in F, then is the faid Perpendicular E F called the 
TANGENT of the Angle ICE, and the Line F C the 
SECANT of the fame Angle. In like Manner the Per- 
pendicular D G is the Tangent of the Angle D CI, and 
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Ir is to be obſerved, that in order to 
turn a Ship about in the leaſt Time, or 
with the greateſt Celerity poſſible, the 
Rudder ought to make an Angle with the 
Stern of 54 Degrees, 44 Minutes: And 


alſo, that this is the Angle which the Gates 


of @ Lock upon a River ought to make with 
the Sides of the River, in order to reſiſt 
the Water with the greateſt poſſible Force, 


I SHALL 


GC the Secant thereof; and therefore DG is the Co- 
Tangent, and GC the Co-Secant of the Angle I CE. 
I thought it neceſfary to acquaint the Reader with theſe 
Definitions, becauſe they ſometimes occur in Treatiſes 
eee | 

(XLVI1). 1. If AB F be the Rudder of a Ship, 
A H placed in the oblique Situation FC, and the Wa- 


ter ſtriking againſt it in the Direction GC; let CE 


be Radius, then the Sine of the Angle of Incidence 


will be FE, and ſo the Force of the Water againſt 


the Rudder will be as F E=; but EF is reſolvable into 
the two Forces F D and D E, of which the latter is 
parallel, the other perpendicular to the Direction of 
the Ship's Courſe, and therefore F D is the only Part 
of the Force that compels the 'Ship to turn round. But 


E F is to FD (1: CE HET. E. 


: LY 
that is (putting CE = a, CF = x) as — =, and 
ſo * will be found (by the Method de Maximis & Mi- 


a 


nimis) equal to .;; and therefore the Angle of In- 


cidence ECF = 54* 44', as before, when the Force 
of the Water againſt the Rudder to turn the Ship is 2 


Maximum. 


MECHANICS. 


I SHALL conclude this Lecture with a few 
Words concerning WHEEL-=CARRIAGES, 
the 


2. After a like Manner we determine the Angle of 
Poſition of the Gates AE, B E, of a Lock upon a 


River, (v:z. the Angle BAE = ABE) in which the 


{aid Gates ſhall reſiſt the Preſſure of the Water with 
the greateſt Force poſſible. For if upon A B we de- 
ſcribe the Semicircle A D B, and continue AE to D; 
then the Preſſure of the Water againſt the Gate A E will 
increaſe with the Length of the . . ay and the Refiſtance 
of the Gate will decreaſe as the Preſſure increaſes, and 
therefore it will be on this Account inverſely as the 
Length of the Gate, or as N 
3. Again, the Reſiſtance will be diminiſh'd* as the 
Length of the Gate increaſes, inaſmuch as the Strength 
of the Gate will be diminiſh'd in that Proportion, there- 


fore it will be on this Account alſo as . conſe- 
quently the Reſiſtance of the Gate on both theſe Ac- 
| 


counts will be as = 
4. Join BDandE C perpendicular to A B; then we 


have AE* : AC*:: ABI: AD*®; and here, becauſe 


AD? decreaſes as A E* increaſes, we ſhall' have the Re- 


ſiſtance expreſſed by A D- 
5. But this Reſiſtance is augmented by the oblique 
Preſſure of the ather Gate, which let be repreſented by 


BE; this oblique Force BE is reſolvable into two 


Forces BD DE; which latter, as it 1s parallel to 
the Gate AE, avails nothing, but the other B D being 
at Right Angles thereto, is wholly ſpent in reſiſting it; 
4 the whole Reſiſtance the Water meets with 


from the Gate AE, is as AD* x BD. 


6. This Expreſſion, therefore, is to be determined 
to a Maximum; in order to which, let AB = a, BD 
& x, and then AD* = aa—xx, and ſo AD* x BD 

| 23 | Sa ax 
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the whole Doctrine whereof (as it ſtands 


on a Mathematical Theory) may be re- 


duced 


% 


Sa -, whoſe Fluxion a 43 — 3xx+ = 6, gives 


wif 8 : , 
* = 1 2 which ſhews the Angle BAE = 35˙, 16, 


as in the Examples above. 


Pl. XIII 


Fig. 9. 


* 7. Since we are upon the Subject of Maximums, I 
ſhall here add Examples of two or three other Cafes of 
the ſame Kind, which it is hoped will be acceptable to 
the Curious, and yet not beſides the Purpoſe of Mecha- 
nical Gentlemen. Let B B he a Piece of Wood placed 
horizontally, and ſupported by the Pieces AB, AB, 
which make a given Angle ABC with the former ; it 
is required to find the Poſitions of two other Pieces 


AC, AC, given in Length, ſuch that they ſhall ſup- 


port the Piece B B with the greateſt Force poſſible. 

8. The Pieces AC, are fixed in A and C ſo as not to 
flip, they are ſuppoſed to have no gonfiderable Weight. 
Then make B HAC, and from the Points A and 


H draw the Lines AG, H K, at right Angles to B B. 


If A C expreſſes the abſolute Strength of the Piece A C, 
then AG will expreſs the Strength with which it ſup- 
od the Piece BB, as being perpendicular thereto, 
ow A G multiplied by the Lever (or Diſtance) BC 
from the Center of Motion B, (which expreſſes the 
Momentum or Force of the Piece A C) ought to be a 
Maximum, 1 : 


9. To this End, put AC=a, GA=s; alſo HK=n, 


and KB=m; then GC=V aa—xx, and becauſe of the 


fimilar Triangles HKB, AGB, we have HK :KB :: 


A: GB = =, and ſo BC = Va. — x, and 


F e ; - 5 — 
made equal to nothing is & Vag=rx — 


AG xBC=x * —— x x, Whoſe Fluxion 


Xxx 2M 
— 


7 
% 


Y aa —xx 7 


14 . 


* 
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duced to the following Particulars, pix. 


(i.) We ee with leſs Re- 


ſiſtance 


xx 2m 
10. Therefore Vaa - - —— . : 


Mana — r # 


* 
— 6m ame 


Whence ag— 2x aur x V aa—xx = 0. 


And ſquarin 2 m 
each bn } 4.— 44 * + 4 — 5 Ex + age” 
| ='* 
And multiply- 


ing by gu tmp e. ant GO $43 x) þ 
N * . 0: 
But ĩt is 4n* + 4m = aa, becauſe BE=HK IKB, 


Therefore * 4 4 a* - fa“ e. 


d 
NY nd Li N 


Whence again * #*—a*a* + x* =, (becauſe __ 
a =—aa) 
Hence by 


T Fatale Ar 


And compleat- 
ing the — 4 — . e ie of, 
But it is 4 aa*—a*n* = aam? 122 — @* ga ˙ m. 
Therefore & - 4 ＋ a = @& 7. 
And extracting Ny af 

Square Root. 


Wherefore x aa m: and ſo x = viaa=am. 


— 4 = = om. 


11. Hence 'tis evident if m (BK) =o, in which Caſy 


the Angle ABC is a right one, then x = Vaa, and 
therefore the Angle AC B will then 1 half a right one, 
or 45 Degrees. 

12. Since the two Values of x, vis. V Tag—am daa —am and 


Tao Tan being ſquared, and the Sum of thoſe 


Squares are equal to the Square of the Radius, vis. 
aa —am+Jaa+am=aa, therefore the two Angles, of 


which x 1s the Sine, are Complements to each other. 
Thus ſuppoſe the Angle A BE obtuſe, and = 120 De- 
grees, or the Angle ABG = 60 Degrees; then BK = 
N la, and ſo AG V Taa—am = jaa—Jaa= 

24 ; 14. 
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ſiſtance than any other. (2.) The larger 
the Wheels the eaſier is the Draught of the 
hh 5 Carriage, 


I a, therefore the Angle ACB is =30 Degrees. Bur 
if the Piece AC be placed on the other Side A B, then 
x = Viaa+am = jaa, and ſo the Angle AC B 
. would in that Caſe be Oo Degrees, and conſequently 
equal to the Angle ABG. | 8 
13. If the Angle A B C, inſtead of being obtuſe, 
were acute, and the Complement to this, we ſhould 


have A G ** BC = x Via $# = _ ** a Maxi- 
mum, which would, in F luxions, give the ſame Value 


for x as before, viz. V Iaa am, which if ſub- 
ſtituted for * in the above Expreſſion, will give 
COST 2 e wheres tis plain if x = 


2an' + a*m—2am?, 
| T 1 
but if x = V3aa+am, then the greateſt Force will be 
z 2 2 , x 
_——b. ho ba» nay 
| 2 1 | 
Sine of 30, and x = Viaa+amis the Sine of 60?: 
therefore the Piece B B is ſupported with the greateſt 


Force by the Piece A C when placed on that Side B 
on which the acute Angle is. | 


Y Zaa—am, the greateſt Force will be 


* 5 . 
— Viaa—am is the 


PL XIII 14. If AG be a Piece of Wood of an indefinite 


Length, and fixed in A, ſo as to make a given Angle 
GAD with the horizontal Line AD; let it be required 
to find the Poſition of another Piece. DE, given in 
Length, ſuch that it ſhall ſupport the Piece AG with 
the greateſt poſſible Force, To this End make AC 
= Ja, and from B let fall the Perpendicular C B; then 
fince the Angle A is given, the Ratio of CBto AB is 
given allo, which let be as n to n; that is, let CB = », 
and AB=m; from the Point D draw the Perpendi- 
cular DF (=) to the Piece AG. Then if DE 
{= #) expreſſes the whole Force of the Piece D E preſſ. 


ing 
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Carriage. (3.) A Carriage upon four 
large "Wheels of = Size, is drawn 


with 


ing perpendicularly, DF wil | axprol that with which 
it ſupports A G; therefore D F multiplied by the Diſ- 


tance from the Fulcrum A, or Lever AE, ought to be 
a Maximum. 


15. Now from the fimilar Triangles A CB, ADF, 
we have CB:BA::DF:FA==—a, alſo FE = 


Vaa—xx, therefore AE = Vaa—xx + = 4. 
which multiphed by DF S x, is AE x DF=#x 
Vaa—xx + A, whoſe Fluxion made equal to 


nothing will give x = Va Dam, as 3 If 
the Angle ADE. be acute, the Point E will * be- 


tween F and A, and we ſhall have AE = 7 — 


/ aa—axx and AE x DF Ser i 


which fluxed will give a ſame Value of x as before 
found. 


16. In each Caſe, it is plain x = FTP Tan = 
Cine of to, muſt be the Maximum, which if ſubſtituted 


in the Expreſſion x VA 1 — x x, (where the 


Angle ADE is oblique) will give 20n - ———— 


2 7 


= Force of DE which ſupports the Piece A G. = 
if V $aa + am be put for x in the other Expreſſion — 


xx— Vaa—xx, we ſhall have for the ſaid Force 


(when the Angle is acuia} SLESIZLES. = L068 


2 1 3 uo 


which is leſs than the other Forces; and therefore 


_ {atter Poſition is leſs advantageous chan the former. 
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with leſs Force than with two of thoſe 
Wheels, and two of a leſſer Size. (4.) 
If the Load be laid on the Axle of the 


larger Wheels, it will be drawn with lef 


Force 


17. TI cannot conclude this Speculation of the Maxima 


and Minima of Quantities, without obſerving to the 


Reader, that though the Method of diſcovering them 
by Fluxions is a Part of Knowledge which the Matbe- 
maticians have but lately acquired, and which they eſteem 


the Sublimity of human Science, yet this very Thing 


Pl. XI. 
Fig. F. 


Fig 6. 


was imparted to the Inſect Tribe at the firſt Creation of 


Things; for by this very Method it is that Bees con- 


ſtruct the Cells of their Combs, in which they depoſit 


their Honey. | | 
18. Each Cell confiſts of fix plain Sides, which are 
all Trapeziums, but equal to each other. The Bottom 


of the Cell is contrived with three Rhombus's HK Dl, 


DE FI, and FIHG, ſo diſpoſed as to conſtitute a 


Solid Angle at I, under the three equal Angles DIA, 


DIF, and HIF; each of which is double the Maxi- 
mum Angle of 54 —44/=DIK =DK I. Hence it 


.comes to paſs, that 'a leſs Quantity of Surface is ſuffi- 


cient to contain a given un of Honey, than if the 
Bottom had been flat, in the Proportion of 4658 to 5550, 
as J have found by Calculation; that is, x43, or 4 Part 
of the Whole, ſo far as the Figure of the Ends of the 


Cells extends in each, which fifth Part of Wax and La- 


bour ſaved amounts to a vaſt deal in the whole Structure 
of the Comb. And if thoſe Creatures knew their Ad- 
vantage, they could not more nicely keep up to the Rules 
of this ſublime Geometry. | 

19. The laſt Thing among the Maxima, that I ſhall 
mention, is, that if a Chain A BC be ſuſpended by its 
two Ends, it will ſink down in ſuch a Manner, by its 


Gravity, as to form the Curve A BC, called the Cate- 


naria, which if inverted, would exhibit the beſt Form 


ſor an Arch of any other whatſoever. For the Demon- 


ſtration of this, we muſt refer the Reader to the Inven- 


tor Dr. GREGORY, in Pbileſ. Tranſ. Ne 231. 
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Force than if laid on the Axis of the leſſer 
Wheels; contrary to the common Notion 
of hading Carriages before. (5.) The Car- 


riage goes with much leſs Force on Frio- 
zion-Wheels, than in the common Way; all 


which will be confirmed by Experiments 
(XLVII) (XLIX.) 


(XLVIII) The Txxoxv of Wheel-Carriages is as 
follows: Let APGEM be a Wheel, ND the hori- 
zontal Plane on which it moves, EF the Height of an 
Obſtacle over which it is to be drawn; the Wheel ar- 
riving at the Obſtacle, and touching the Top E, ſtands 
upon the Point G, and preſſes it with its whole Weight. 
Draw OE K, a Tangent to the Wheel in the Point E, 
and meeting the vertical Diameter A G produced, in O. 
Draw the Radius EC, and EH * icular to AG; 
and MC, mr, perpendicular to CE, and conſequently 
"gg to the Tangent OK. Laſtly, draw the Radius 

m. 


2. Since the Wheel gravitates in the Direction C O, 
let CO expreſs its Weight preſſing the Point G; this 
may be reſolved into two others CE and OE; of 
which CE preſſes the Top of the Obſtacle, and is 
wholly ſuſtained by it; the other Weight OE draws 
the Wheel down in a Direction parallel to the Tangent 
OK. Now let W = CQO Weight of the Wheel, N 
Radius, Hg EF, the Height of the Obſtacle, and 
x=OE; then fince OE: CO:: HE: CE, we have 


W x HE | 
Xx: W: HE R. whence & . .= but, from 


the Nature of the Circle, HE = YAH x HG = 


IHE = Y/2RH—H*; therefore & = 
WxY2RH—HH 


n 
— — 
— — — —— 


3. A Force juſt equal to this Weight, x, and acting 
in Oppoſition to it, that is, drawing the Wheel ay 
Wards in the Direction CM parallel to E K, will * 

Eh, able 
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able to make the Wheel reſt on the Top of the Obſta- 
cle at E, without ſuffering any Part of its Weight to 
reſt on the horizontal Plane at G. 
4. Now. this Force muſt be increaſed if it acts in 
any other Direction but that of CM; for let it draw 
the Wheel in the Direction Cm, between M and E, 
then the Force may be reſolved into two others Cr, and 
Tm, of which Cr draws the Wheel directly againſt 
the Top of the Obſtacle E, and fo is deftroyed by equal 
Re- action of the Point E; what therefore remains to 
draw it upwards in a Direction parallel to OK, is mr, 
which is leſs than CM or CM; and to be made equal 
thereto, (as it muſt be to ſupport the Wheel on the 
Top of the Obſtacle E) it muſt be increafed in the Ra- 
tio of Cm tor m, which let be as R to 8 (or as Ra- 
dius to the Sine of the Angle which the Direction of the 
Force makes with CE). But it is plain, the Force r m 
cannot be increaſed, but the whole Force 'C M muſt be 
increaſed in the ſame Proportion; that is, when r m be- 


comes S x rm, CM will become 8 x CM #8. 


8 

WX /2RH—H* _ W x VRH H 
CARL ; 8 g 

5. In oder that the Wheels may be drawn ever the 
Obſtacle F E, it is neceſſary the Direction of the Force 
ſhould lie between C E and CA; for if it were in the 
Direction CE, it could only draw the Wheel upon or 
againſt, but not over the Obſtacle; and if it acted in 
the Direction C A, it would not make it preſs againſt 


the Obſtacle, and conſequently, could never draw it 
over. 


. bs — 

6. Let F = A E the Force fuffi 
cient to ſuſtain the Wheel on the Top E of the Ob- 
Racle, it is evident ff W, R, , continue the fame, F = 
8 ; that is, the Force will always be leſs as the Sine of 


the Angle E Cn is greater, till ym = CM, when the 
faid Force will be leaſt of all, 


| 
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7. If W and H be given, or always the ſame; then 
F 3 V2 R—1 


(for here we ſuppoſe the Force aps, 


plied to draw in the moſt advantageous Direction, biz. 
CM, where 8 becomes equal to R.) If therefore the 


2 

Radii of four Wheels be 1, 2, 3, 4, men vill 
. vt” 

be t, —2 _ — „or as the Numbers 1000, 


866, 745, 661. From hence it is evident how much 
leſs Force is neceſſary to draw a large Wheel over any 
Obſtacle than a leſſer one, when the Weight of the 
Wheels are the ſame. 

7. If the Height of the Obſtacle H be indefinitely 
{mall and given, in which caſe the Tangent O K will 


coincide with the horizontal Line N D, and the Point 


E with the Point G, ”_ nearly; and the Dirt&ion of 
the Force be parallel to N D; then becauſe H* is incon- 
ſiderable we reject it, and the Expreſſion for the Force 
will be F. * 2R 
fore not expreſs'd). And if "W be alſo given, the 
VR VR 

— or F = 7x? becauſe 2 is 


Force will be F = 
| a - 
x given Quantity; but 8 — VR therefore F = 
2 that is, in caſe of rough uneven Surfaces the 
Force to draw the Wheel will be inverſely as the Square 
Root of the Radius or Diameter of the Wheel. us 
if three Wheels are in Diameter as 1, 4, 9; the Force 
to draw them will be as 3, 2, 1. _— n 
8. If Ho, that is, if the horizontal Plane on 
which the Wheel moves be perfectly ſmooth or plain, 


then the Quantity S IRH—W = o; whence it 


appears that no Force js required to move an heavy Body 
on an horizontal Plane which is pertectly ven. 


„(for H is given, and there- 
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9. If the Height H of the Obſtacle be proportional 
to the Radius of the Wheel, that is, if H be as R, and 
the Force draw in a Direction parallel to OK; then 


. 


= t, therefore F W, or the Force will be proportional 


to the Weight of the Wheel. | 

10. If the Direction of the Force be parallel to the 
horizontal Plane, that is, if Cm be parallel to ND, 
then becauſe the Angle m CE is (in that Caſe) equal 
to the Angle CEH, their Sines will be equal, -that is, 
77 =CH =R—H; therefore the Expreſſion of the 


| W x »R f] < BZ 
Wiener 


and if the Height H be given it will be F = 
WxY2R—r! tot 
| W x Y/2R H—H 


11. From the Expreſſion F = 8 i 


5  F vV2RH—H: 
we have this Equation W = 8 „ which 


ives the following Analogy F: W:: V2RH—H*:S. 
hat is, The Force is to the Weight as the Sine of the 
Angle ECH (viz. EH) is to the Sine of the Angle 
. 8 E, which the Line Direction makes with the Line 
12. If the Obſtacle is capable of being depreſs'd or 
borne down by the Wheel; the larger the Wheel the 
greater will be the Force to do this; for ſince CE re- 
preſents the whole Force with which the Wheel bears 
upon the Obſtacle, and this is reſolvable into the two 
Parts CH and HE, of which the former CH being 
parallel to EF tends to preſs it down, it will be ex- 
eſs'd by R—H, and fince H is given, the depreffin 
Force will be as R—1, and therefore will increaſe wit 
R, or the Radius of the Wheel. g of 
12. If the Obſtacle be ſuch, as that it can' neither 
be ſurmounted nor depreſſed, but muſt be driven for- 
ward, the Force to do that will be expreſſed by _— 
x v 2 
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FTI, which, ſince H is given, will be as 
Ti but Y/R—1 will be greater in Proportion 
toR when R is ſmall than when it is greater. Thus 
if R=2, then NI g i IR; but if R;, then 
VR—1=2, which is leſs than ZR; and if R = 10, 


then YR—1 = 2, which is leſs than 3 R; ſo that in 
this Reſpe& ſmall Wheels have the Advantage of large 
ones. But this Caſe ſeldom, happens. bv 
14. The principal Advan of ſmall Wheels is, Pl. XIII 
that in them the 4 of Traction is not parallel to the Fig. 12. 
Horizon as C K, but inclined thereto in a certain | 
Angie, as CM, making with the Horizon the Angle 
MCK; now if CM be parallel to the Tangent O 
the whole Force will be employed to draw the Wheel 
over the Obſtacle EF; whereas, if the Line of Trac- 
tion were parallel to the Horizon, the Line CK might 
then expreſs the Force, which being reſolved into the 
two Forces CE and K E, ſhews that the Part CE draws 
the Wheel directly upon the Obſtacle, and is therefore 
loſt by its Re- action; and only the Part K E remains 
to draw the Wheel over the ſaid Obſtacle ; and conſe- 
quently the horizontal Direction is not the beſt, unleſs 
upon a {ſmooth and even Plane, where no Obſtacles and 
Aſcents are to be ſurmounted. 
15. From what we have faid, it is evident that a 
ſmall Wheel, whoſe Radius is K E, and the Line of 
Traction parallel to OK, is equivalent to a arge | 
Wheel, whoſe Radius is CK, and the Line of Traction 
parallel to the Horizon ND; but EK :CK':: HB: 
CB::CI:CE; that is, the Radius of the ſmaller 
Wheel is to that of the larger, as the Co-ſine of the 
Angle ECG to Radius, 
16. Though the Force employed be never wholly 
ſpent in drawing, but when the Direction is CN, pa- 
rallel to the Plane on which the Carriage moves; yet if Fig. 1 Ze 
it be applied in that oblique Direction CM, where the 
Breaſt of the Horſe is higher than the Axle of the 
Wheel C, in which Caſe only the Part BM is ems 
ployed in drawing, the other Part CB is not however 
wholly loſt, but is acting contrary to the Gravity of 
the Carriage, and by that Means leſſens ſomewhat of 


the 


; +4049 


Pl. XIII 
Fig. 14. 


Fig. I 


5% 


= 
4 


55 
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the Weight of the Load, by lifting it (as it were) along, 
for in this Caſe the Horſe not only draws, but alſo car- 


ries along (in fome meaſure) the Load. 


17. On the contrary, if the Axle of the Wheel be 
higher from the Plane than the Breaſt of the Horſe, that 
is, if the Power be applied in the oblique Direction 
CO, then the Part DO draws the Load along, but the 
Part CD acting perpendicular on G draws the Load 
directly againſt the Plane, and thereby increaſes the 
Weight of the Load, or the Difficulty of drawing it; and 
is therefore the worſt Direction in which the Force can 
be any how applied in drawing. Hence it follows, that 


| (ceteris paribus) where the Wheels of a Carriage have 


their Radius equal to the Height of the Horſe's Breaſt, 
or Traces, the Draught will be eafieſt of all; and 
Wheels, whoſe Raidus's are leſs than that, are better 
than thoſe Wheels whoſe Radius's exceed it. 

18. A ſmall Wheel B DC will deſcend farther down 
between two Obſtacles DF and CE than a larger 
Wheel ADC, as is evident from the Figure; and 
therefore the Draught is more difficult, and ſubje& to 
greater Shocks or Jolts, with the ſmall Wheel, inaſ- 
much as its Axis, and conſequently the Weight of the 
Load, muſt be raiſed to a greater Height in order to get 
from hetween them. | 

19. Alſo in ſoft or yielding Ground, a ſmall Wheel 
will fink deeper than a large Wheel charged with the 
fame Weight. Thus ſuppoſe AB C be the Plane of 

e Road, which is ſo loft as to permit the ſmall Wheel 
to ſink down to E, then the Weight muſt overcome the 
Reſiſtance of as much Earth as the Wheel in ſinking 
has diſplaced, that is, as much as is equal to the Seg- 
ment HE D; if now the larger Wheel were to fink 
to the ſame Depth, it muſt overcome the Reſiſtance of 


| fo much Earth as is equal to the Segment AE C, which 


is greater than HE D, which is impoſſible, becauſe the 


' fame Weight can overcome but an equal Reſiſtance in 


either Wheel, therefore the larger Wheel will not fink 
fo deep as the ſmaller, and ſo will be drawn more 
eaſily. 2 

20. Since the Ends of the Axles, and the Holes in 
the Naves of large and ſmall Wheels are equal, on 
1 err | | 


r . od 


un Md. 
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fince, in paſſing along, the ſmall Wheel (to meaſure the 
ſame Length of Road) muſt turn round upon its Axis 
oftener than à larger one; it follows, that there will be 
a greater Quantity of Friction in the ſmall Wheel than 
in the larger, and that in the ſame Proportion as it is 
leſs, or as its Velocity is greater. Hence on Account 
of this, and ſeveral other like Cauſes, ſmall Wheels are 
much more ſubject to be out of Repair, to be at Fault, 
and to be worn quite out, than larger ones. 

21. Next to the Conveniency mentioned Art. 14. 
that of turning the Carriage in a ſmaller Compaſs, with 
ſmall Wheels, than can be done by large ones, has made 


them more neceſſary in Waggons and Coaches, for be- 


cauſe of their Smallneſs they can be brought near to, 
and partly under the Sides of the Carriage; and ſo their 
Axles lying more obliquely under the Bed of the Car- 
riage, admit it to be turned about with greater Eaſe. 
(XLIX) 1. To conclude theſe Mechanical Lec- 
tures, I ſhall give the Reader a ſhort View of the fa- 
mous Controyerſy that has ſo long (about 80 Years) 
ſubſiſted between the Exgliſb and French Philoſophers on 
one Side, and the Dutch,. Germans, and 1talians on the 
other. The Subject was,  hether the Force of Bodies 


in Motion, firiking each other, be proportional to the Sim- 
le Velocity of the Motion, or to the Square of the Velocity 9 


he Engli/h and French maintain the former; the other 
Gentlemen the latter. 


2. This Diſpute firſt commenced between Mr. Huy-® 


gens and the Abbot Catalan, about the Force of Oſcil- 
lating Bodies; it continued ſome Time between theſe 
two Gentlemen ; at laſt, another Subje& of the ſame 
Kind engaged the ſame Abbot with the famous Leibnitz, 
who is to be eſteemed the firſt Author, that plainly 
declared, in expreſs Words, That the Force of Bodies 
were as their Maſſes multiplied by the Square of the Velocity. 
Catalan, and rwards Mr. Papin, anſwered Leibnitx; 
1 a again, and ſeveral Papers were written on the 
ubject. 3 
3. It then became a Matter of general Enquiry, and 
the Philoſophers of every Nation began to conſider 
which Side to be of, and whether they ſhould declare 
Vor. I. "uh for 
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for the od or for the new Opinion. However, they did 
here, ds they do in Religion, go by a whole Nation to- 
gether; the common Herd of Philoſophers following 
the Dictates of their Leaders. Thus Leibnitz, Pole- 


nus, S Graveſande, and Muſchenbroek lead the German 


and Dutch; Papin, Mairan, &c. the French; and Pem- 
berton, Eames, Deſagulicrs, Clarke, &c. the Engli/h. 

4. In this Controverſy alſo, as in thoſe of Keligion, 
the Opponents diſputed with very great Warmth, won- 
dered at each other's Slowneſs of Apprehenſion, or 


Backwardneſs of Belief; and I with I could ſay, that 


they had always obſerved ſuch an impartial, free, and 
generous Behaviour and Stile of Expreſſion, as the 
Dignity of Philoſophy demands. _ We ſhould then per- 
haps have found Dr. Diſaguliers better employed than 
in blaming Dr. Samuel Clarke for uncivil Treatment, for 
rude and impertinent Expreſſions, &c. in regard to thoſe 
who defend the new Opinion of the Square of the Ve- 
locity. * 

4 As it uſually falls out in other Caſes, ſo here vhen 
Men find themſelves preſſed with Difficulties and Ab- 
furdities in their Schemes and Notions, they have re- 
courſe to the Subtilties of Metaphyſical Diſtinctions, 
though ſeldom to any good Purpoſe, Thus when it 
appeared too plainly by all Experiments, and even to 
common Senſe, that the natural Force of Bodies was 
proportional to the ſimple Velocity and Maſs of Matter 


* FKonjointly; we were told it was neceſſary to diſtinguiſh 


the Force of Bodies into two Kinds, viz. the Vis Viva 
or Living Jorce; and the Vis Mortua, or the Dead 
Force. | | | \ 

6. By this Vis Viva, or Living Force, we were to 
apprehend that which reſulted from the. viſible Action of 
one Body upon another, as that of a falling Weight; 
but the His Mortua, or Dead Force, was to be under- 
ſtood of that which was deſtroyed by a contrary Agent, 
is a Weight in one Scale of a Bales is kept from de- 
ſcending by a Counter-Poiſe in the other Scale. But 
unluckily for the Author of this Refinement, both thoſe 
Forces appear, even by the Balance, to be in the Ratio 
of the ſimple Velocity into the Maſs, N 5 | 

5 7. Thus 


: 


„ % . a _ £.. 


— 
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+. Thus for the Living Force, if on the proportional 
Balance you place 4 0b. at the Diſtance of 
one Side, and 2/6, at the Diſtance of 12 Inches on the 


other Side, and if the Balance be put into Motion, they 


will each of them have a Vis Viva, or an active Force, 
becauſe they will keep the Beam in Motion for ſome 
Time, till, by militating, they murder or kill each 
other; and then ſurely enough they become Vires Mor- 
tuæ, or Dead Forces. | SJ b 

8. But let us ſee how they exerted their Power while 


living. One (A) acted againſt the other (B), with the 


Gravity of every Particle in a M of 4/6. and with 
the Velocity in each Stroke that 6 Inches Diſtance 
could give; but ſince all allow the Weight to be as the 
Maſs of Matter, and the Velocity as the Diſtance from 
the Center of Motion, therefore all the Force which A 
exerted was as 4 6 = 24. In the ſame Manner it is 
ſhewn the whole Force of B acting againſt A, was as 
2 122224; that is, in each Caſe, the Force was as the 
Velocity into the Maſs of Matter. And becauſe they 
were equal they deſtroyed each other. | 5 

9. But had thoſe Combatants A and B been armed 
with Forces proportioned to the Squares of the Velo- 
cities, that of A would have been but 4x6 x6=144 ; 
whilſt B would have had a Force equal to 2 * 12 x12= 
288; by which he would have demoliſhed A art one 
fingle Stroke, and been the ſurviving Conqueror. 

10. Let us now conſider thoſe two Bodies A and B 
as dead, and ſee what Forces they exert (Verle detur 
Venia) in that State. In order to this they muſt be 
hung upon the Arms of the Balance, one on each 
Side, till they are dead, i. e. motionleſs ; but this will 
not happen till their Diſtances from the Center of Mo- 
tion become reciprocally proportional to their Maſſes of 
Matter; and then it is plain the Caſe is the ſame as be- 
fore; for the dead Force of A will be as 4 x<6=24=2 
X 12 = dead Force of B, Whereas if theſe Forces were 
as the Maſſes into the Square of the Velocities, A of 
400. and B of 2 /b, ought to die at the Diſtanees 6 and 
8,4 Inches from the — reſpectively; but if the Ex- 
periment be tried 15 ſuch ſtrong Symptoms of 1 

8 R 2 | WI 
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will be found in A, as -manifeſt the Falſity of this Hy- 
potheſis. | 

11. Being driven from this Subterfuge, they ſeek 
another in a critical Diſtinction between Force and Preſ- 


ſure. Preſſure, ſay they, is the Power with which Bo- 
n 


dies act by means of Inſtruments; thus a Weight in 
one Scale acts againſt the Weight in another by Preſ- 
ſure; but the Power by which Bodies act on each other 


alone, is e called Force, as when one Stone ſtrikes. 
another by fal 


ling on it, or a Hammer ſtrikes an An- 
vil. The former " allow is proportional to the Ve- 
locity and Maſs — conjointly; but the latter, 
they fay, is as the Maſs multiplied by the Square of the 
Velocity. | | 
12. But this Eclarciſſement boots them as little as the 
former, if they mean a momentary Impact or Stroke, 
or ſuch whoſe Effect is produced in a Moment of Time. 
For in ſuch a Caſe we ſay, the Stroke is in Proportion 
to the Maſs of Matter, and alſo to the Degree of Ve- 
locity, and therefore as both conjointly; but we deny 
there 1s any other Source of Power from whence a Bo- 
can derive any Force for producing a momentary 
ffect: Nor have any of thoſe Gentlemen been able to 
thew there 1s, though ſome (bewildered in the Laby- 
rinth) have attempted it; but in how weak and ridicu- 
lous a Manner may be ſeen in a Piece, intituled, De Con- 
ſervatione Virium vivarum, &c. And it is worth the 
Reader's while to ſee the jocular Confutation of this 
ludicrous Piece by Phileleutheris Londinenſſis. 

13. If they ſay, they would not be underſtood of 
momentaneous Effects, but ſuch as are produced in 
Time, then they have no Antagoniſts. And it is plain, 
from their Experiments, that this is their Meaning after 
all. For the Experiments which they ſo much inſiſt 
on, are. ſuch as are made by letting Bodies fall on ſoft 
Subſtances, as Clay, Butter, Sc. or by the Action of 
Bodies on yielding Springs, or ſpringy Bodies; in all 
which Caſes, the Effect is not produced inſtantaneouſly, 
but in Time; the Clay takes Time to recede, the 
Spring to bend, c. PE 104 
14. If the Time be taken into Conſideration, then 


_ every Body muſt know that the Effect will be . 
di 


R . A . . ˙²rQA e oa. a wo a 


yp, — 11 HH — ] ©. 


22 


„ 0 ky << IM, e 0 Af 


MECHANICS. 


tional to the Intenſity of the Cauſe, and the Time of 
its Continuance : Thus, for Example, the Effect of 
Gravity on Bodies left to themſelves cauſes them to 


deſcend ; their Deſcent therefore will be proportionate to 


the Power of Gravity upon them, and therefore greater 
in thoſe which fall freely, than in others which deſcend 
on inclined Planes in a given Time, where Part of the 


Force of Gravity is deſtroyed by the Re- action of the 


Plane. But fince the Action of Gravity is not inſtan- 
taneous, but continual therefore its Effect, f. e. the 
Deſcent of the Body, will be greater in Proportion to 
the Time of its continuing to a& on the Body, ſepa- 
rately conſidered from its intrinſic Force. But this 
Force 1s as the Velocity produced by it in a given 
Time; alſo the Time is as the Velocity, when the 


Force is given; therefore the Effect, viz. the Deſcent 


of the Body, is as, the Square of the Velocity. 
15. Or in Symbols thus; let E = the Effe& pro- 


duced by any Power = P, acting in any Space of Time 


= T, upon any Body = Q, moving with any Degree 
of Velocity V. Then 1 * plain, E will be G = 
Maſs of Matter in the Body, when P, T, and V, are 
given; alſo the Effect E will be as the Intenſity of the 
Power P, when T, Q. and V are given; again, when 
P, Q, T, are given, E muſt be as V; and laſtly, we 
ſhall have E as T, when P, O, V, are given. U here- 
fore when neither of theſe are given E: QxPxVxT; 

and in caſe of any different Effed, let e: qXp Xv Xt. 
16. Then ſuppoſing the Bodies equal, viz. 2 =g, 
we have E: e:: PVT: pt. Thus the fame or two 
equal Bodies, deſcending on two Planes unequally in- 
chned, will deſcend thro' Spaces, which will be as the 
different Powers of Gravity P and p, as the different 
Velocities V and v in any Point of Time, and as the 

different Times T and : of their Deſcent, conjointly. 
17. If not only the Bodies Q and , but alfo the 
Powers P and p which actuate them, be ſuppoſed equal, 
or P p; then E: e: TV: v. Thus in equal Bo- 
dies falling freely by Gravity, the Effect or the Space 
which they deſcribe, will be as the Time T and t of 
the Falls, the Velocities bs v at any Point of Time 
9 in 
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then (the reſt as before) we have 
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in the Fall. And becauſe in this Caſe the Velocity is 
always proportional to the Time, that is, T: 7: : V: 9 
if we multiply each Ratio by the ſame Ratio V: v, the 
Analogy will {till be the ſame, viz. TV: ü v:: V: 
whence E: e:: V: v*; or the Effect of falling Bodies 
in deſcribing the Space, will be as the Square of the 
Velocities. | | 
18. If we ſuppoſe the Times given, that is, T =t, 
F :e :: V: 2; that is, 
the Forces or Effects of equal Bodies, falling in equa} 
Times, are proportional to the ſimple Velocities. 5 
109. If VS b, or the Velocities given; then E: e:; 
T: :. Thus if two equal Bodies lying on an horizon- 
tal Plane, receive a Stroke each from Springs of equal 
Force, then will the Velocities be equal in every Part 
of the Motion, and the Effects E and e, in this Caſe, 
being the Spaces deſcribed, will be as the Times of their 
Motion. ; | | 
20. Hence we have ſeen every poſſible Caſe wherein 
the Forces of Bodies or their Effects can be ſuppoſed to 
vary; and it is plain there is none where the Force is 
as the Square of the Velocity but where the Time is 
concerned; or where ſome one of the Factors Q, P, 
V, T, is proportional to the Velocity; thus in ſpout- 


ing Water, becauſe Qis always as V, therefore, though 


T be given, E will be as Q V, or as V*; for P alſo 
in this Caſe is given; the Power of Gravity which 


gives Motion to the Particles of the Fluid being always 


conſtant. 


21. Nor have they any Experiment which ſhews the 
Force or Effects of Bodies proportional to the Squares 
of the Velocities, but where the Time in which the 
Effect is produced ought to he. confidered. Thus in 
their famous Experiment of Cavities, formed in ſoft 
Clay by falling Bodies, it is true thoſe Cavities are the 
Effect of tlie falling Bodies, and proportional to the 
Squares of the Velocity. But what is this to the Pur- 
ofe, unleſs they will 4 thoſe Pits arc inſtantaneouſly 
produced, which I believe none will pretend to do? 
22. It is evident, this Cavity muſt be proportional 
to the Quantity of Matter put in Motion in the Clay; 
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by the falling Body; but this is proportional to the Ve- 
locity on two Accounts ; the firſt is, that every Particle 
which comes in Contact with the Striking Body, re- 
ceives a Stroke proportional to the Velocity, therefore 
alſo the Number of Particles which each of theſe can 


move, will be as the Force of the Stroke, or as the Ve- 


locity of the falling Body. Secondly, among yielding 
Particles, the Number which the falling Body can apply 
to in a given Time, will be as the Velocity ; conſequent- 
ly the whole Number of Particles which can be moved, 
both immediately by the Body itſelf, and by the Motion 
communicated to the Particles, will be as the Square of 
the Velocity; and therefore the Cavity will be in the 
ſame Ratio alſo” OT, 1 
23. We hence obſerve, the ſame Method of reaſon- 


ing may be applied to ſoft and yielding Subſtances, as 


has always been uſed in the Caſe of unelaſtic Fluids; 
and for this Reaſon only, that in every Caſe of yielding 
Particles, the Effect of a Body in ſtriking them is not 
deſtroyed momentaneouſly, but in Time, which Time 
(ceterrs paribus). will be as the Velocity; and therefore 
E being as TV, and T, in all theſe Cafes, being as 
V, it will be univerſally for all ſoft and yielding Sub- 
ſances-E ;V*. | . FN 
24. Hence we may obſerve, that as Bodies axe more 
or leſs yielding or ſoft, fo the Effect will be more or leſs 
aproaching to the Ratio of the Square of the Velocity. 
This Conſideration is of great Uſe in mechanical Affairs. 
Thus a Hammer with a double Velocity will produce 
much more than a double Effect in driving a Nail; the 
ſame may be ſaid of a Rammer driving a Pile ; Hence 
the Reaſon why a ſmall Hammer will by its Velocity do 
more Execution upon red hot Iron, than the large Ham- 
mer by its Mamentum. In ſhort, all theſe Things are 
ſo plain, and eaſy to be underſtood, that it is ſurprizing 
to think how ſuch a Diſpute could ſubſiſt ſo long, and 
occaſion ſo much to be ſaid about it. „ 
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LECTURE IV. 


Of HyprosTaTICS in general. Of the 
'ParTICLEs of 4 FLvu1D, the FokM, SIZE, 


Se. The HyprosTaATIC Laws of FLu1Ds, 
Of the Gravity and PRESSURE of 
FLuiDs. The HyDrRosTATIC PARADOX 
of the 
SWIMMING and SINKING of Bobits ex- 


pounded. Of ABSOLUTE, RELATIVE, and 


SPECIFIC GRAVITIES of SOLIDS and FLUIDS, 
The NATURE and UsE of the Hynro- 
METER or WATER-PolsE. The NATURE, 
Usk, and NEW . STRUCTURE of the Hy- 
DROSTATIC-BALANCE, The 
BALANcE improved on HYDROSTATIC 
PRINCIPLES. A large TABLE | of SPECI- 
Fic GRAVITIEs. The QuantTtTY 9 
PRESSURE bow eftimated. The CENTER of 
PRESSURE: calculated. Various HYDROSTA- 
TI PROBLEMs in GEOMETRY, MECHA- 
NICs, PHILOSOPHY, Sc. The: Uszpur- 
NEss of HyDRo8TATIC SCIENCE. The 


THEORY at large relating to the MoTion | 
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CoMmon- 
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of Bopits in reſiſting  MEpiuMs, as Arx, 
WATER, Se. : | , 


loſophy which treats of the Nature, 
Gravity, and Prefſure of Fluids, 
Fluid is a Subſtance whoſe Particles yield te 
the leaſt partial Preſſure, or Force impreſs'd. 
And hence *tis reaſonable to infer, that thoſe 
Particles muſt be exceeding ſmall, ſmooth, 
round, and ponderous Bodies; and obſerve 
all the Laws of Motion and mutual Action in 
common with thoſe of all other Matter (L). 
The following. are the Laws and Properties 
of Fluid Bodies. | 


| ety, 1s that Part of Phi- 


I. All 


(L) 1. That the Characters of a Fluid intended in 
this Definition are all of them neceſſary, will appear 
from what follows. The firſt is, that they are exceed- 
ing ſmall; for that the Smallneſs of the Particles con- 
duces to Fluidity, is evident from hence, that the Points 
of Contact between — are in Proportion to their 
Diameters, and therefore grow leſs with the * 
though not in the fame Proportion. And the leſs the 
Points of Contact, the leſs will be the Cohefion, and 
of courſe the greater the Diſpoſition of the Particles to 
Fluidity. | 

2. To illuſtrate what I have ſaid, let ABCD be a 
Sphere inſcribed in a Cylinder EF GH; it is demon- 


ſtrated by Geometers, that the Superficies of the Sphere 
is equal to the curved Surface of the Cylinder, and that 


the Superficies of any Segment of the Sphere L DM is 
equal to the correſpondent Surface IK (3 H of the Cy- 
linder; if therefore the Line I K move on till it _ 
by | | ws cides 
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I. All Fluids are incompreſſible, except Air; 
or, they cannot by any Force be compreſs'd 
| into 


cides with H G, the Superficies of the Segment of the 
Sphere LD M will become the Point of Contact with 
the Plane HG, and that of the Segment of the Cylinder 
IK GH will become the Periphery of the Baſe of the 
Cylinder : but this Periphery of the Baſe will be as the 
Diameter HG of the Cylinder, which is equal to the 
Diameter of the Sphere AC; therefore the Point of 


Contact of the Sphere with the Baſe of the Cylinder, or 


the Plane which it touches, will be proportional to its 
Diameter: whence it follows, that the Point of Con- 
tat between two Spheres will be in Proportion to their 
Diameters. ay Frag Ae, 
3. The ſecond Characteriſtic of the Particles of a Fluid 
is, that they are /mooth; by this means they become 
lubricous, and apt to ſlide or move by each other with 
the greateſt Facility and Freedom ; and therefore their 
Diſpoſition to Fluidity is proportionably promoted and 
augmented; for want of this Quality, though the Par- 
ticles of Matter were poſſeſſed of all others mentioned 
in the Definition, yet would they never conſtitute a 
Fluid, fince nothing is a greater Obſtruction thereto, 
than Aſperity or Roughneſs of the Superficies. 

4. A third Characleriſtic is their Roundneſs or Sphe- 
riciiy; for the more ſpherical the Particles, the fewer 
Points they touch each other by, and the leſs the Points 


of Contact are; on both which Accounts the Attraction 


of Coheſion will be diminiſhed, and their Diſpoſition 
to Fluidity or Volubility will be increaſed. 
018. The 2 Characteriſtic in the Definition of the 


Particles of a Fluid is, that they are ponderous ar heavy 
Bodies. By this Property, Fluids do not only gravitate 


in common with all other Sorts of Bodies, but alſo they 
derive from hence a Power or Force of Preſſure peculiar 
to themſelves; and by that means act upon Solids in a 
very different Manner than that in which Solids act 
upon each other, as will be ſhewn farther on. | 
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| into a beſs Space than what they naturally pof- 
| ſeſs; as is proved by the Florentine Experi- 
: ment of filling. a Globe of Gold with Water, 
' which, when preſs'd with a great Force, cauſes 


a the Water to tranſude or ifſue through the 
G Pores of the maſſy Gold, in Form of Dew, all 
: over its Surface (LI). | 

8 Fo | II. All 
f ky 

{1 6. The farprifing Subtilty or Minuteneſs of the Par- 
as ticles of Fluids deſerves our farther Speculation and Re- 


mark. So ſmall are they, as to eſcape the Sight aſſiſted 
by the beſt of Glaſſes ; that they freely paſs through the 
14 Pores of the denſeſt Matter, as Gold, &c. that they be- 
g come inviſible in Vapour; and ſo light as to riſe in 
h Air, yea, in Air that is greatly rarified and attenuated. 
: And it is well known, that Water has its Particles ſo 
yery ſubtile as to paſs by Ways that Air will not, and 
perhaps 1s exceeded by nothing in this wondrous Pro- 
perty, but the Particles of Fire and ardent Spirits. 
(LI) 1. This Experiment muſt be made with a 
Globe, for this Reaſon, becauſe a Sphere contains a 
greater 1 of Matter under the ſame Superficies, 
than a Body of any Figure whatſoever. This may be pl. XIV. 
made appear in the following Manner; let A B, B C, Fig. 2. 
CD, and AD be four Lines, of which the three firſt 
are of a given Length, and the fourth variable; and let 
it be required to diſpoſe them in ſuch a manner as to 
comprehend the greateſt Area poſſible. 
2. Let AB and BC make a given Angle ABC; 


the then will the triangular Space ACB be given. U 

ary C, with the Radius CD, deſcribe the Semicircle à De, 
date then 'tis plain the other Part of the Area, or the Tri- 
hey angle made by the Lines AC, CD, and A D, will 
* be greater or leſſer, according to the Poſition of the Line 


A CD; for as 'tis made CD or cd, the variable Line 
act will be AD or Ad; and the Triangle form'd will be 


S AQGD or AC a, whoſe Area will be 255 * CD, or 


44, 
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II. A Fluid: gravitate, or weigh, in pro- 
portion 10 their Quantity of Matter; and that 
not only in the Air, or in Vacuo, but in 


4 | | a | proprio 


c4, (cd being drawn perpendicular to A C pro- 
_ dure} | 2 (156 F 

3. Now, tis evident this Triangle will be greateſt, 
when cd is a Maximum, that is, when it becomes C D; 
and conſequently the Triangle AC D is the og 
poſſible when CD makes a right Angle with AC; and 
in this Caſe the Point C is m a Semicircle deſcribed 
on AD as a Diameter. Therefore, alſo the other An- 
gle B, being in a Semicircle deſcribed on the fame Di- 
ameter A B, will make the other Part of the Trapezium 


2 Maximum; and ſo the whole Trapezium AB C D in- 


ſcribed in a Semicircle, will be greater than any other, 
whoſe three Sides AB, BC, CD, are the ſame. 

4. Since what has been demonſtrated of the Trape- 
num, is true of any other Polygonal Figures (becauſe 
they may be reſolved into Trapezia) and fince the Sides 
of a Polvgon, when infinitely ſmall, do coincide with 
the Circle; therefore the Circle is the moſt capacious 
Figure, or contains the greateſt Area under the ſame 
Periphery. | 

S. For Example; ſuppoſe a String C were diſpoſed 
into the Form of a Circle; then as 22 : : — 


= Diameter of the Circle; the Radius therefore 1s — 
and fince the Area of a Circle is equal to the Periphery 


multiplied into half the Radius, therefore C x * = 


[Lo = Area of the Circle. Again, ſuppoſe the ſame 
String diſpoſed in the 2 of a Square; the Side would 
po.” and the Area = uf hence the Area of the 

* be e cen 
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proprio Loco; or, a Fluid weighs the ſame 
communicating with a Quantity. of that Fluid, 
as in Vacuo; which all Philoſophers (till very 
lately) have denied (LII). | 


HI. From 


Circle would be to that of the Square as DE to _ 


88 16 

as 3 , that is, A 
* to 5 that is, as 14 to 11 

6. Now fince a Sphere may be conſidered as made 
up of circular Areas, it plainly follows, that a Sphere 
will contain a greater Quantity of Matter under the ſame 
Surface than any other Solid. Thus a Sphere will 
be found by Calculation to be more than twice as big 
as a Cube of the ſame Surface; and therefore the Water 
contained in the Globe muſt, when the Figure of the 
Globe was altered, be either compreſſed into a leſs Space, 
or make its Way through the Pores of the Globe, as 
in the Experiment we find it will; which therefore 
evinces its Incompreſſibility. | 

7. Some Philoſophers are inclined to think that Wa- 
ter is not abſolutely incompreſſible, or that the Particles 
thereof do not touch each other; but are kept at 4 
Diſtance by a centrifugal Force ſuperior to any Force 
we can apply in compreſſing them. But becauſe this 
is an Hypothe/is that has ſcarce any thing more than bare 
Poſſibility to recommend it, at leaſt nothing is offered 
to render it probable or neceſſary ; therefore we are not 
to admit it among the Principles of the Newtonian 
Philoſophy. | | 

(LII] 1. That Fluids gravitate, or are heavy, in the 
ſame Manner with Solids, is evident. becauſe the Earth's 
Attraction, which is the Cauſe of Gravity, equally ef- 
fectg the Particles of all Sorts of Matter; and therefore 
3 the ſame Endeavour or Tendency towards the 


Center of the Earth in the Particles of a Fluid, as in 


thoſe of a ſolid Body; and this is what we call their 
Abſolute Gravity. Y 


2. Now fince in Fluids of the fan Kind, as Wa- 


ter, all the Particles are reaſonably ſuppoſed equal _ 
alike 
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III. From the Gravity of Fluids ariſes 
their Preſſure, which 1s always proportional, 
thereto; and ſince we may ſuppoſe all the 
Particles of a Fluid to have, equal Bulk 
and Weight, the Gravity of the Fluid, and 
conſequently its Preſſure, will be always 


Proportional to the Altitude or Depth thereof. 


Whence 


alike in all Circumſtances, they will be all equally af- 


fected by Attraction, and therefore have among them- 
ſelves an equal Tendency towards the Earth's Center. 
Whence, fince they gravitate equally, if they are equall 
obſtructed in their Deſcent (as by the Bottoms of Veſ- 
ſels, Sc.) they will all retain the ſame Poſition among 
themſelves, as if they were affected by no Kind of Power 
at all; and thus they are ſaid to be relatively at reft, or 
in a State of Quietus among themſelves. | 
3. Since no one Particle of the ſame Fluid has a 
greater Share of the attracting Power than another, no 
one will tend to deſcend before another ; and therefore 
among the Particles of the ſame Fluid, there 1s no ſuch 
Thing as we call Relative or Refidual Gravity, which is 
nothing but the Exceſs of Gravity, by which one Body tends 
downwards more than another, as will be more fully ex- 
plained hereafter yy; Annotat. LVIII). | 
4. Now becauſe Philoſophers found that a Bucket 
of Water in Water —— nothing (that is, that there 
was no Relative Gravity in Water) they very ſtrangely 
inferred there was no Abſolute Gravity of any Part or 
Particle of Water, whilſt it remained in Water, but 
only became heavy when taken out, or ſeparated from 
the reſt. But their Miſtake is eaſily evinced by the 
following Experiment; let a Bottle or Phial with Shot 
in it to make it fink in Water (when cloſe corked) be 
hung at the End of a nice Balance, and then immerſed 
into a Jar of Water; while thus hanging in Water, let 
it be counterpoiſed very exactly by Weights put. into 
the Scale at the other End. Then pulling out the 4 
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Whence the Weight and Preſſure of Fluids 

on the Bottoms of Veſſels, Sc. muſt. be 

IV. The Preſure of Fluids upwards is equal Pl. Xv. 

to the Preſſure downwards, at any given Depth. Fig. 1. 

To ilfuſtrate this, and the foregoing Propo- 

ſition, let AB CD be a Veſſel of Water, whoſe 

Altitude E F ſuppoſe to conſiſt of a Column 

of 10 aqueous Particles: Then, tis evident, 

the firſt or uppermoſt Particle 1 can affect the 

next Particle 2 only by its Weight or Preſ- 

ſure, which therefore is as 1; and ſince that. 

Particle 2 is immoveable, and Action and 

Re- action equal and contrary, the ſaid Par- 

ticle 2 will re-a&t upwards, upon the Parti- 

cle 1 with a Force which is as 1. In the, 

ſame Manner the Particle 2 acts on the 

Particle 3 by Preſſure downwards, with 2 
Degrees. 


the Water will ruſh into the Bottle and deſtroy the 
Equilibrium, by cauſing the End of the Balance to de- 
ſcend; which will be a plain Proof that Water Bas 
Weight in Water. 

5. But to carry this Experiment farther; let now 
the Equilibrium again reſtored, by adding more 
Weights to thoſe in the Scale: then taking the Bottle 
out of the Water let the Water be poured out, and 
weighed, and the Weight will be found exactly equal 
to Se which was added to the Scale to reſtore the. 
Equilibrium above-mentioned. This ſhews that Water 
(and all Fluids) weigh the ſame in their own Element as 
out Hit. | " i. 
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Degrees of Force, ariſing from its own Weight 


and that of the Particle above it; and accord- 
ingly it is preſſed upwards with an equal 
Force by the Re- action of the Particle 3; 
And ſo of all the reſt. Wherefore the Pro- 
poſitions are manifeſt. | 

V. The Preſſure is upon all Particles of the 
Fluid at the ſame Depth equal in every Part; 


or, the Particles of a Fluid, at the ſame Depth, 
preſs each other every Way, and in all Direction. 


equally, For if any Particle were preſſed 


more on one Part than another, it muſt give 
way, or yield, till the Preſſure became 


every Way equal; otherwiſe an inceſſant 


inteſtine Motion of the Particles would en- 


ſue, which is abſurd, and contrary. to Expe- 
rience (LIII). 


VI. FROM 


(LIII) 1. There are ſeveral Ways to ſhew that the 
Preſſure of Fluids is every way equal; but the moſt 
ſimple and evident, I think, is by taking a very long 
Glaſs Tube hermetically ſealed at one nd, and im- 
merſed in a perpendicular Poſition with the open End 
in another tall Tube or Jar of Water; the Air in the 
Tube being compreſſible will yield to the Preſſure of the 
Water below, and admit the Water to riſe in the Tube, 
to Heights which will be always proportional to the 


Altitudes of the Fluid above it; and this will be the 


Caſe when the lower- Part of the immerſed Tube is 
bent into a right Angle, that the Water may come upon 


it laterally: and thence it will appear that the Preſſure 
nf Fluids is every Way equal, and proportional to the 


Altitudes. 


* 
* 


HV DROS TAT ICS. 


VI. From the mutual Preſſure and equal 


Action of the Particles it follows, that the 
Surface of a, Fluid muſt be perfettly ſmooth 


and 


; * * R * 5 
2. This hkewiſe may be ſhewn from mechanical Pl. XIV 
Principles, for let the Sphere A be ſupported by two Fig. 3. 


others in an horizontal Poſition B and C; join the Cen- 
ters a, b, g; and draw the Perpendicular a J; let ec be 
the Tangent to the Sphere B in the Point c, where the 
Sphere A touches and prefles it, interſecting the Per- 


pendicular af ine; and let ae expreſs the Force of A 


downwards; then fince a e is reſolvable into two Forces 
ac and ce, of which the latter being in the Tangent 


to B, does not at all affect it, and the other ac being 


perpendicular to the Surface; this other Force ac is that 
alone by which the Body A preſſes B. 


3. But ſince a c is an oblique Force, that is, neither 


perpendicular nor lateral, let it be reſolved into the two 
Forces ad and de; of which the former is perpendi- 
cular, and ſo does not affect the Body B in pre it 
ſideways; but the other d e being in an horizontal Di- 
rection is all the Force with which A preſſes B in a la- 
teral Direction; but ſince dc is parallel to 5 %, we 
have ac: de:: 46: 7; and finct the Particles of a 
Fluid are equal, we have 756 le = ac; 1 
Tas, * 
with which A preſſes B laterally is juſt half the Force with 
which it preſſes it directly. . 
4. And ſince by the third Law of Motion the Preſ- 
ſure of the Sphere D upwards is equal to that of A down- 
wards, and ſo the Force upon the Bodies B and C in a 
lateral Direction is the ſame, that is, half the direct 
Force; therefore the whole Force with which the Bod 
B or C is urged laterally by the joint Action of A and 
is equal to tht whole Force with which either of them act 
upon them fingly. From what has been ſaid, it appears, 
that the Force with which the Body A or D preſſes the 
Body B or C, is leſs than the Force of Gravity, or that 


by which they act perpendicularly, that is, ac is leſs 


than ae. 


Vo. I. 1 


conſequently dc = Fac; that is, the Force 
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and even; for ſhould any Part ſtand higher 


than the reſt by any Force, as Attraction, 


Pl. XIV 
Fig. 4. 


3 the horizontal Line HO, or 


Sc. it would immediately ſubſide to a Level 
with the other Part by the Force of its own 
Gravity, when that Force is removed. 


' * 


VII. Tat Figure of the Surface of all Fluids 


Ti ſpherical or Convex; for all the Particles 
equally gravitating towards the Center of the 


Earth, will take their Places from it at equal 


Diſtances at the Surface, and ſo form a Part 


of the Superficies of a Sphere, equal to the 
Bulk of the Earth (LIV). 5 


VIII. 


(LIV) 1. Beſides the Reaſon of the Thing, we know 
by Experiment, that the Surface of large Waters, as 
thoſe of the Sea or Ocean, is convex; for a Perſon 
Manding on the Shore, and viewing a Ship under Sail, 
directly before him, will loſe Sight thereof by Degrees, 
the Hull or Body of the Ship firſt diſappearing, then the 
r Parts of the Maſts, then the Tops of the lower 
Maſts, and laftly, the Top of the talleſt Maſt ; as re- 
reſented at A, B, C, where the Shi gradually deſcends 

Lic which bounds 
the Sight, as it proceeds on the convex Surface of the 
Earth from A to C. * 

2. The Reaſon why we ſee not this Convexity in the 
Surface in Fluids of ſmall Extent, as in Veſſels, Ponds, 
Sc. is becauſe the Superficies of a Sphere ſo large as 
that of the Earth will fo nearly co-incide with a Plane, 
for a certain Space, as not to be diſcernable from it ; and 
therefore the Surface of Fluids within that Space or Ex- 
tent, will appear plain, or nearly ſo; and what. that Ex- 
tent of Surface is, as the Reader may be curious to know, 
J will ſhew by the following Calculation. 


Go wu oa op Mx 


_ = 
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VIII. Sincs Fluids prefs equally every 
way, the Preſſure of each Particle againſt 
the Side of a Veſſel will be proportional 
to its Altitude; and conſequently the Preſ- 
ſures of the Particles 1, 2, 3, 4, Sc. of a 


perpendicular Column againſt the Side B C 


' will 


3. Let AC be the Semidiameter of the Earth = 
4000 Miles, or 21120000 Feet; (for 5280 make one 


Mile) AE a Part of the Earth's Surface, AF a Tan- 


gent thereto at the Point A. Now it is found by Ex- 
perience, that nothing is diſtinaly viſible to the Eye 
that does not ſubtend an Angle of one Minute at leaſt. 
Let BD then be the leaſt Diſtance between the Con- 
vex Surface AE, and the Tangent Line AF, that is 


diſcernable to the Eye at A; then will DAB, con- 


tained between the Tangent and the Chord AB, be one 
Minute. If now on AB we let fall the Perpendicular 


CG, then in the right-angled Triangle AGC, we + 


have all the Angles given, and the Side A C, to find 
the Side AG. For ſince DAC is a right Angle, and 
DAB = 1 Minute, the Angle GAC = 89 59/; and 
therefore the Angle ACG = 1 Minute alfo. Therefore 


we ſay, 


As Radius go! —  — T10,000000 
Is to the Angle ACG 1 Minute — 6,463726 
So is the Side AC = 21120000 — J, 324694 
To the Side AG = 6144 — 3.788420 


4. But 2 AG = AB = 12288 Feet, which is a 


little more than two Miles and a Quarter ; and there- 


fore, unleſs the Surface of Water be more than two 
Miles Extent, it will not appear different from a Plane ; 
the Diſtance DB being in any leſs Extent inſenſible. 


Hence a Ship on the Sea will depart about two Miles' 


and a Quarter before we ſenſibly loſe Sight of any Part, 
becauſe till then ſhe will ſeem to be ſailing on a Plane. 
8 2 
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fon, becauſe this depends entirely on the ſingle 
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will be as a Series of Numbers in Arithmetical 
Progreſſion, whoſe firſt Term is o: therefore 


the Sum of all the Preſſures is equal to the Num- 
ber of Preſſures multiplied by half the greateſt 
Preſſure: But the Number of Preſſures is as 
the Number of Particles, or Altitude of the 
Fluid BC; alſo the greateſt Preſſure 1s as 


the ſame Altitude: Wherefore the total Preſſure | 
_ againſt the Side of a Veſſel is as the Square of 


the Altitude of the Fluid (LV). | 
tas IX. Hence 


{LV) 1. That the perpendioular Preſſure of Fluids 
on the Bottoms of Veſſels is eſtimated by the Area of the 


Bottom multiplied by the Altitude of the Fluid, is evident, 


I ſuppoſe, to every Reader. For ſuppoſe a Veſſel were 


2 Feet wide, 3 Feet long, and 4 Feet deep, and fill'd 


with Water to the Brim ; then the Area of the Bottom 
is 2 X 3 = 6 ſquare Feet, and every ſquare Foot being 
3 y the Column of Water, containing 4 cubic 

eet, it is plain the whole Bottom will be preſſed by 
6 x 4 = 24 cubic Feet, that is, by the whole Number 
of cubic Feet which the Veſſel contains. 


2. But the Quantity of the lateral Preſſure, or that 


againſt the Side of the Veſſel, is not ſo obvious; yet 
among the ſeveral Ways of computing it, I think none 
ſo eaſy, natural, and univerſal, as that I have men- 
tioned, vix. by conſidering it in a ſingle Column of Par- 
ticles, as a Series of Quantities in Arithmetical Progre 
rin- 
ciple already eſtabliſhed, viz. that the Action or Preſſure 
of Fluid Particles is every Way equal. By which I thall 
endeavour farther to illuſtrate this Matter, and facilitate 
the Method of Computation. 
3- Upon the uppermoſt Surface of the firſt Particle 1. 
which coincides with the Surface of the Fluid, there is 
no 


* Hr nA O Ane 


IX. Hence if the Veſſel AC be of a PL Xv. 
cubieal Form, the Preſſure againſt a Side A 


BC 


no Gravity, and conſequently no Preſſure; therefore 
the Beginning of the Series, or firſt Term is o, or no- 
thing. The Body of the firſt Particle preſſes the ſecond 
Particle 2 with its own Weight which is as 1, and it 
preſſes the Side of the Veſſel with the ſame Force, and 
therefore the ſecond Term of the Series will be 1. The 


ſecond Particle preſſes the third Particle 3 with the 
Force of its own Weight, and the Weight of that above 


it, that is, with a Force as 2; and ſince it preſſes the 
Side of the Veſſel with the ſame Force, the third Term 
of the Series will be 2. After the ſame Manner it is 
ſhewn, that the fourth Term will be 3, the fifth Term 4, 
and ſo on. Whence it is evident the ſeveral Preſſures 
will be as the Series, o, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, Cc. 

4. Now that the Sum of ſuch a Series is equal to 
the greateſt Term multiplied by half the Number of 
Terms, is known to every Perſon verſed in common 
Arithmetick, and may be eaſily ſhewn by an Example. 
For ſuppoſe the Series were o, 1, 2, 3, 4, 5, 6, 7. 
8, 9, 10, 11, then the Number of Terms is 12, and 


the half thereof 6; alſo the greateſt Term is 11; but 


6 * 112811213141 4T7677 7184977 
10 + 11 = 66 = the total Preſſure againſt the Side of 
the Veſſel. Now this is manifeſtly but half the Preſſure 
upon a Line of the ſame Length in the Bottom of the 
Veſlel, viz. a Line of 12 Particles, for ſince each Point 
ſuſtains the Preſſure of 11 Particles, the Whole muſt 
be 12-X 11 = 132. N 

5. It may here be objected that I have taken 12 Par- 
ticles in a Line at the Bottom, whereas there is but 11 
at the Side, and therefore the Length of the Side and 
Bottom is not the ſame, as in the Suppoſition we make 
it. But it is to be conſidered, that when the Particles 


are ſuppoſed indefinitely ſmall and numerous, as is the 


real Caſe of Fluids, the Difference of Length occaſioned 
by one ſingle Particle will be infinitely ſmall, and there 
fore will make no Error in the Computation, 


8 3 
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BC is half that upon the Bottom C D; 
and conſequently, the total Preſſure againſt 


| the 
6. Let the Sum of all the Preſſures, or the total Preſ- 


| ſure againſt the Side of a Veſſel, be 11 by 8, 


the Number of Terms in the Series by N, and the 
greateſt Term by G; then ſince S = N G, and ſince 


| Nand G are ever proportional to each other, we ſhall 


have S as FNN, or 2 8 as N*; and fince Halves are 
in the ſame Ratio with their Wholes, we have $ as Na; 
that is, the Sum or total Preſſure will be as the Square of 
the Number of Terms, or Altitude of the Fluid. 


7. For Example, in the above Series, if we take the, 
Sum of 4 Terms, it will be 0+1+2+3=6; and then 


of 8 Terms, the Sum will be 0+1+2+3+4+5+6+ 
7 28, which is 4 Times 6, and 4 over. Now theſe 
Sums ought to be as 1 to 4, becauſe the Altitudes were 
as 1 to 2; and though the Sum of any Number of Terms 
will always be a little more than 4 Times the Sum of 
half that Number of Terms in this Way of computing, 

et when the Number comes to be exceeding great, the 
Tek will become indefinitely ſmall, and therefore may 


be negleRed in caſe of Fluids. 
8. Or yet more clearly and accurately in Symbols 


thus; ſince S is always as SG N or as GN; and in the 
Series above adapted to Fluids, Gg N- 1, therefore 
GNS NN N; and fo $ will always be as NN—N; 
but when N 1s indefinitely great, N* will be infinitel 
reater than N, which therefore will vaniſh in that Caſe 


in the Expreſſion NN -N; and ſo 8 will ever be as N?, 


that is, the Sum or total Preſſure will be as the Square 
of the Altitude of the Fluid. 5 

9. This Way of conſidering the Quantity of lateral 
Preſſure by the Arithmetical Series is univerſal, whereas 
the common Method reſtrains it to the Pro of an 
equicrural right-angled Triangle, and to a Fefe of 2 
cubical Form; which I ſhall here give, for the ſake of 
ſuch as would fee the Demonſtration of a Thing, in ſe- 
veral Ways. ABCD is a Veſſel of a cubical Form, that 


is, whoſe Side BC is equal to the Length of the Bot- 


tom CD; if then the Diagonal B D be drawn, we 


ſhall have the Lines 1@=B1, 25 =B2, 3c= Bg 44 
To Ba, 


HYDRO STATICœS. 


the Sides and Bottom is equal to three Times the 


Weight of the Fluid on the Bottom of ſuch a Veſſel. 


X. TE 


= B 4. &c. but Br, B 2, B 3, B 4, Oc. being as the 
Altitudes of the Fluid, will repreſent the lateral Prel- 
ſures in the Points 1, 2, 3, 4, Sc. therefore alſo the 


Lines a 1, 6 2, c 3, d 4, &c, will repreſent the ſame 
lateral Preflures ; hence when the Diſtances B 1, 12, 


23, 34, Sc. are indefinitely ſmall, the Lines a1, b2, - 


c3, 44, Sc. will be infinitely near each other; and ſo 
all thoſe Lines drawn in the Triangle BC D will make 
the Area of that Triangle. Therefore the Sum of all 
the lateral Preſſure againſt the Side B C, will be as the 
Area of that Triangle. But the Area of the Triangle 
BCD is as the Square of the Side BC, as we know 
from the Elements of Geometry. 
Sum of all the lateral Preſſures is as the Square of the 
Altitude of the Fluid BC. ©. E. D. 

10. Now the Preſſure on the Bottom of the Veſſel 
CD being equal to CD x BC, and the Area of the 
Triangle B DC being equal to BC x CD; it is plain 
the Sum of all the lateral Preſſures againſt any one Side, 
is equal to but half the Preſſures on the Bottom of ſuch 
a Veſſel; and ſo the Sum of all the Preſſures againſt 
the four Sides 1s twice that upon the Bottom ; and that 
the whole Force of the Fluid is equal to three Times 
the Force of its Gravity. 

11. Hence we ſee how very differently Fluids act 
from Solids, which act upon each other by their Gra- 
vity only, whereas Fluids act by Gravity and by Preſ- 
ſure jointly. Solids act only downwards, but Fluids 
every WE, equally. Solids act with a Force proportional 


to their Quantity of Matter, but the Force of Fluids is 


not according to their Quantity, but their Altitude only. 

12. The Quantity of Preſſure on the Bottom of 
Veſſels, or Planes oblique to the Horizon, is eaſily eſti- 
mated from what wy 4 ſaid above; for let AK be 
ſuch an inclined Plane, and AE the Surface of the 
Water; then will the Preſſure upon the Points A, G, H, 
I, K, be as the Altitudes BG, CH, DI, EK. If now 
on the ſaid Points we ere the Perpendiculars Gb, H c, 


8 4 I d, 


Conſequently, the 
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X. Tun Weight, Preſſure, or Efet of 


Fig. 2. 4 Fluid upon the Bottom DE of any #eſſel 


ACDEF, 


Id, &c. equal to thoſe Altitudes reſpectively, and ſup- 
ole the ſame Thing done for every other Point in the 
ine A K, it is evident the Triangle Ae K will be as 


the whole Preſſure on the Line A K. But the ſaid 


Triangle is equal to AK e K; and ſuppoſing AG 
=GH=HI=IK, and , drawn parallel to A K; we 
ſhall have Ze K =fFK=cH=CH,; therefore AK x CH, 
will be as the tota} Preſſure on the Line AK. 

13. If AK were the Section of a Plane, then the Sur- 
face of that Plane multiphed by CH, will be the Ex- 
omen for all the Preſſure on that Plane, provided C H 

the Depth of the Center of Gravity H, from the 


Surface of Water. But to give a more general Theo- 


rem of the above Rule, let a, b, be two Weights hang- 
ing from an horizontal Plane, at the Diſtances ac, bd; 
and join their Centers by the Line AB, and let æ be 
their common Center of Gravity, and x « its Diſtance 
from the Plane cd, perpendicular to which draw ay and 
bz; then ſince a: h:: Lx: ax, by the 1 of the 
common Center of Gravity; and by ſimilar T riangles 
we have bx:ax::xz:xy. Therefore a x xy =b Xx 
x2; but xy =x0o—yo=xo—ac; and x2 = 20 — 
xo=bd—xo0; therefore a x xo —ac =b x A- xe; 
that is, axac+bxbd=a+bXxXxo That is, in 
Words, The Product of the Weights multiplied by their 
Diftances from the Plane is equal to their Sum multiplied by 
the Difiance of their common Center of Gravity from the Plane, 

14. Now that this holds true in Lines and Planes is 
evident, becauſe the indefinitely ſmall Particles of Lines 
and Planes may be conſidered as very ſmall Weights, «+ 


and as what has been demonſtrated of two, holds equally 


for all, therefore the above Rule is applicable to all 
Sorts of Surfaces, or the Preſſure upon the Bottoms of 
Veſſels, however poſited or figured, may be exactly 


computed thereby. 


15. Thus ſuppoſe A BCDEF repreſent a Veſſel of 
a Priſmatic Form, whoſe Bottom is an oblique trian- 


gular 


| * » 
- EF: 5 
WyD,nosTaATTCg& © 265 


- | AaCDEF, ir proportional to. the Altitude * 
AE» only, and not to the Quaniity of the — * 


4 % 
gular Plane DEF, in which let F G be drawn perpen- 
dicular to the Baſe D E, then if we make Fx:x@T ::2 pl. XIV. 
1, the Point & will be the Center of Gravity of the Fig. 3. 
| Plane, and x 0 its perpendicular Depth from the Surface |. 
ö of the Fluid ABC, when the Veſſel is fill'd with Wa- 
2 tert! Now ſuppoſe AF = 1 Foot; FG = 6 Feet; ED © 
, = 2 Fog; * 'E = HG = 3 Feet; and let the Phne ® 
F bc be. parallel to the Surface of the Fluid A CB. 
Then we have FG:Fx:: Gh: xa; thatis 6:4:: 
2: 14=xa; therefore x a+aogx 9=2% Feet, the Depth 
of the Center of Gravity of the Triangle FE D, whoſe 
Area is FG xE G=6x1=6quare Feet. Therefore 6 
x 24 = 14 Cubic Feet of Water, whoſe Weight is equal 
to the Preſſure on the Bottom of the Veſſel. _ | 
16. Thus in caſe of a Cyhndric Veſſel whoſe Bottom * 
is either an Ellipſis, a Cone, a Segment of a Sphere, 
Sc. if the Quantity of the Surface, and Center of Gra- 
vity be found, the Content of the Veſſel is then known 
the Rule above. Thus alſo if the Surface of the 
Side of any Veſſel in any Form or Poſition be multiplied 
by the Depth of the Center of N the Product will 
be the Number of Cubic Feet, whoſe Weight is equal 
to the Preſſure on ſuch a Side or Surface, And ſince a 
Cubic Foot of Water weighs 1000 Ounces, or 62415. 0 
Averdupoiſe Weight, the Quantity of Preſſure may be 
eaſily expreſſed in any Denomination of Weight, as will 
be more particularly ſhewn hereafter, My 
17. One Thing more the Reader ſhould be appriz'd 
of, and that is the Center of Preſſure, which 1s that 
Point in which we may conceive the whole Preſſure to 
be concenter'd or united; or to which if a Force were 
applied equal to the whole Preſſure, and acting in a 
contrary Direction, it would exactly balance or reſtrain Fig. 8. 
the Effect of the Preſſure; or it would keep the Plane 
(otherwiſe free to move) in Eguilibrio with the total 
of Preſſure, unequally diſtributed over all its Parts. Thus 
n- if ABCDpe a Veſſel of Water, and the Preſſure on the 
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in the Veſel: For every Column of Par- 
ticles G H, which preſſes downwards on 

5 © the 
Side AB be equal to twenty Pounds; if a be the Cen- 


ter of Preſſure, and a String abc were fixed thereto 
going over the Pully 5, and ſuſtaining a Weight c of 


twenty Pounds, then would the Side A B be kept, in 


Eguilibrio by thoſ®two equal and oppoſite Powers. 
18. Now the Center of Preſſure is the ſame as the Cn 
ter of Percuſſion, as is evident from hence, that in the 
Line AK the percuſhve Force of every Point G, H, 
I, K, is as the Velocity, that is, as the Diſtance A G, 
AH, Al, AK, from the Point A confidered as the 
Point of Suſpenſion. 3 thoſe Diſtances are as the 
Altitudes GB, HC, LD, K E. which are as the Preſ- 
ſures on the foreſaid Points: Therefore ſince the Preſ- 
ſures, and percuſſive Forces are always alike, the Cen- 


ter of one muſt be the ſame with that of the other, but 


the Center of Percuſſion of the Line AB is two-thirds 
of its Length diſtant from the Point of Suſpenſion A, 
therefore alſo the Diſtance of the Center of Preſſure a is 
two-thirds of the Side A B below the Surface of the 
Water. See Annot, XXIX. * 


4 SCHOLIUM. 


19. The Reaſon why a greater Force of Preſſure is 
allow'd to an oblique Plane or Bottom of a Veſſel than 
what is equal to the Gravity of the Fluid, is this, that 
every Point in the Line A K is preſſed with a perpend:- 
cular and lateral Force at the ſame Time, and by both 
obliguely; and of thoſe two oblique Forces, or Preſſures, 
one diref Force is compounded, which is greater than 
either, and acts in a Diedtion perpendicular to the 
Plane. But fince both the oblique Preſſures are always 
as the Depth of the Fluid, the dire& compound Preſſure 
will be in the ſame Ratio likewiſe. Hence as there is 
a greater Number of Points in the Line AK than in the 
Line AE, and each is preſſed perpendicularly with a 
Force proportional to the Depth, 'tis neceſſary that we 
eſtimate the whole Force by the Area of thg Triangle 
Ae K, and not of AEK, as we muſt have done if 
Fluids preſſed like Solids by their Gravity only. 


A 


# - "1 


the Side of the, Veſſel EF, has, its Force de- 
ſtroyed by the equal Re- action of the ſubja- 
cent Particle H in the Side, and ſo cannot at 
all affect the Bottom of the Veſſel. Again; 
the Preſſure of any Column of Particles LM. 
upwards, againſt the Side of any Veſſel C D, 
is equally re- acted by the Particle of the Veſ- 
ſel over it, and fo its Force or Preſſure on the 
Bottom muſt be the ſame as that of another 
Column of Particles AB of equal Altitude 
with the Fluid: Whence the Propoſition is 
evident (LVI). | XII. Hence 


- 


| 4 | 
Ev! ). 1. There is nothing in the Explication of the 

Hydroſtatic Paradox difficult to be underſtood, but the 
Manner how the Point M comes to be preſſed with the 
| fame Force as the Point B, which has the whole Height 
of the Fluid above it. But this Difficulty will ſoon va- 

iſh when we conſider that the Preſſure among the Par- 
les of a Fluid at the ſame Depth is every Way equal; 
therefore if LH be parallel to the Bottom D E, it is 
lain there will be the ſame Preſſure upwards in every 
Particle H, I, Q. L, as there is downwards, and every 
where as the Altitude A I. The Particle at L therefore 
reſſes upwards againſt a Particle in the Side of the 
Veſtel with a Force equal to the Weight of the Column 
of Particles A I, which Force is deſtroyed by the equal 
Re- action of that Particle in the Side of the Veſſel. The 
ſame Fluid Particle L alſo preſſes the Particle imme- 
diately beneath it in the Column ML with the ſame 
Force, which added to the Weight of the Column LM 
makes the ſame Preſſure on the Point M, as there is on 
the Point B ariſing from the Preſſure on the two Parts 

AI+IB. 

2. That the Preſſure upward at the Point L is equal 
to the Weight of the Column Al, is evident from 
hence, that if it be removed (that is, if a, ſmall Hole 


be there made) the Fluid will from thence be thrown 
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XlI. Hewcs 4 very ſmall Quantity of a 


Fig. 2. Piuid, as AP RS, may be made to counter- 


balance 


up in Form of a Jer 4 Eau to the Height of T nearly, 


. which is in the ſame horizontal Line with the Point A, 


* 


or Level of the Fluid. All which, well conſidered, is, 


A preſume, ſufficient to evince that the Preſſure on the 


Point M and every other Point in the Line DE is. 
ſame with that on the Point B. * 
3. From what we have ſaid, it is alſo plain, that the 
Top of the Veſſel CN R F is preſſed upwards with a 
Force every where proportional to the Altitude of the 


Fluid AP, which Force of Preſſure upon the whole Sur- 


pl. XIV 
Fig. 9. 


face is a 5 to the Weight of a Body of Fluid of the 
ſame Baſe, and whoſe Altitude is AP. The Sides alſo 
are preſſed every where oufwards with a Force propor- 


tional to the Altitude of the Water, and in the fame 


Manner as they would be at the Depth were the Fluid 
every where of the ſame Bulk as in the Body of the 
Veſlel, and of the ſame Altitude as at A. 

4. The Conſequence of this will be, that if an In- 


ſtrument be cöntrived with a Bottom AB and Top CA 


connected with pliant prepared Leather EF, ſo as to be 
Woater-tight, and if in the Middle of the upper Part at 
G be inſerted a ſmall Tube GH, and Water pour'd in 
ſo as to raiſe the upper Part D C that it may float freely 
on the Surface of the contain'd Water, then any Weight 
I, laid thereon will cauſe the Water to riſe fo high in 
the ſmall Tube as will be equal to the Height of a Cy- 
linder of Water of the ſame Baſe D E, and whoſe 
Weight will be equal to that laid on; and if another 
Weight K be added, it will raiſe the Water to twice 
the Height in the Tube; if a third Weight L be added, 
it will riſe to three Times the firſt Height, and ſo on. 
Whence it appears that ſince the Bore of the Tube may 
be exceeding ſmall, the greateſt Weight may be ſuſtain'd 
or counterbalanced by the leaſt aſſignable Quantity of 
Water in the Tube, by 

5. But this Matter will be beſt explain'd by Calcu- 


lation and Example. Suppoſe then DC = 6 Inches in 


Diameter, the Area of the circular Surface will be 


28,27 
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balance or be Mater to the Weight or Force of 1 
any given Quantity TK GV, how great ſoever. 1 
25 XIII. Wren . 


28,27 Square Inches; and ſincg a Square Inch of Water 
weighs rs of an Ounce Averdupois, therefore a Pound 
will contain 27,7 Cubic Inches; conſequently as this 1 
; Number is but half a Cubic Inch leſs than the other, 15 a 
it is evident that a Cylindric Column of Water whoſe 1 
Baſe is 6 Inches in Diameter, and Height one Inch, 
will weigh nearly one Pound; if therefore I be one 
Pound, the Water by its Preſſure will riſe one Inch in 
the Tube; if K be Mother Pound, then I +K will raiſe 
the Water two Inches, and ſo on. If the Bore of the 
Tube be oge-tenth of an Inch Diameter, the Quantity 
Tube one Inch high is to that in the Veſſel one 
Inch high, as the Square of one-tenth to the Square of 
6, that is, as 75s to 36, as 1 to 3600; and in that Pro- 
portion are their Weights alſo; whence it is plain the 
Water in ſuch a Tube will ſuſtain 3600 Times its own 
Weight. „ 
6. In like Manner we may conſider how great an Ef- 
fect might be produced by only blowing with one's 
Breath through the Tube HG into the Veſſel ABCD. 
By this Means, if the Dimenſions of the Veſſel were 
large, and the Tube long and ſmall, a Man with the 
Breath of his Mouth might raiſe any given Weight how 
great ſoever. Suppoſe, for Inſtance, the Area of. the 
Top D C were 1000 Square Inches, and the Diſtance be- 
| tween the Top and Bottom AD =} of an Inch, then will 
there be contain'd in the Veſſel 250 Cubic Inches of - 
Air, of the ſame Denſity with the external Air. If now 
more Air be blown through the Tube into the Veſſel, 
it will condenſe the internal Air, and by increafing its 
Spring cauſe it to raiſe the moyeable Top DE, though 
charged with a very great Weight. 
7. Thus fince the Weight of Air preſſes upon every 
Square Inch. with a Force of 15%. (as will be ſhewn 
hereafter) if we place on the ſaid Top DC, 1000 x15 
= 1500016. and then blow into the Inſtrument 250 
Cubic Inches of Air, it will double the Denſity of 
the internal Air, and conſequently its Spring, _ 
| wi 


90 


* 


Inſtrument it would ſuſtain 3 
in ſuch Caſes we myſt ſuppoſe the Parts E F ſufficiently 


+) 


> HT RA DA. 
XIII. Warn any Body immerſed in 


a Fluid, i- loſes juſt "ſo much of its Weight as 


is equal to the Weight of an equal Bulk of the 


| Fluid 3 but ihe Weight loft by the Body is 


«, gain'd 


ew 


will then hold the great Weight in Equilibrio, and if 
ever ſo little more L 

that Caſe the Air will preſs upwards with a greater Force 
than that of the Weight downwards. 


blown in it will raiſe it; for in 


8. If 500 Cubic Inches of Air were blown into the 
{b. and ſo on. But 


ſtrong to bear ſuch a Preſſure from within; for ſince 
the Air is a Fluid it preſſes every Way equally. or 


becauſe the Bore of the Tube is ſmall (ſuppoſe the Tooth 


Part of a ſquare Inch) a Perſon blowing through the 


fame would meet with no more Reſiſtance than the 
Preſſure of the Air on the Area of the Bore, which 


when the Air is of a double Denſity, or when 250 Cubic 
Inches are crowded in, will be but e of a Pound, 
which may be eaſily overcome by the Force of the Mu- 
cles in blowing, eſpecially if we uſe a Stop-cock to ſhut 
off the Air in the Tube every Time we take in freſh Air 
to our Mouths. : 

9. If the Top of the Inſtrument DC were fixed, and 
a Wire paſſed through the Tube G H were fixed to the 
Bottom, and ſuſpended at the End of a Balance, then if 
the Bottom be nicely balanced by Weights in the Scale 


of the other End, and after that Water pour'd in till the 
Top and Bottom were ſeparated to their utmoſt Diſ- 
. tance; to balance this Water will require one Pound 


Weight for every Inch in Height in the Veſſel, and it 
will after that require one Pound Weight for every 


Inch that it riſes in the Tube, which plainly ſhews that 


the Force of Fluids is always proportional to the Height, 
and not the Quantity of the Fluid. Note, I have — 
poſed in this Article that the Diameter of the Veſſel is 


ſix Inches, as before in Art. 5. Another remarkable 


Inſtance of this Hydroſtatic Paradox, I ſhall give when 
I come to conſider the Swimming of an heavy Body 0 4 
| lighter 


a 1 
. HTDI 
gain d by the Fluid, which will be ſo much 
heavier than before (LVII). 5 
f XIV. Ir 


lighter Fluid, and which will be a very clear IIluſtration 
of the Matter. See Annot. LXI. e * 


(LVII) This is the fundamental Principle of every pl. XIV. 
Fig. 10. 


Huydroſtatie Proceſs, particularly of the whole Doctrine 
e Specific Gravities; which therefore cannot be made 
too plain and eaſy to be underſtood. To this End, let 


ABCD be a Veſſel filled with Water to the Height 


EF; and let I be a cylindric Body (heavier than Wa- 
ter) to be immerſed 1 as at L. By this Immer- 
ſion of the Body I, a Quantity of the Fluid à 5 c d, 
equal in Bulk to the Body, will be diſplaced by the ſu- 
perior Force or greater 3 of the Solid: And this 
Quantity of Fluid muſt aſcend, (as being confined to- 
wards the Bottom and Sides) and ſo raiſe the Surface of 
the Liquor from E F to GH; and then will the Man- 
tity EF GH be equal to the Bulk of the immerſed Solid 
a lcd. | 1 

24 But as the Solid comes to enter the Fluid, each 
Particle of the Fluid by its Vis Inertiæ will reſiſt the So- 
lid, or endeavour to oppoſe its Deſcent with all its 
Power ; and ſo the whole Body of the Fluid that is re- 
moved or diſplaced by the Solid will reſiſt it by the 
united Force of all the Particles But this Force is equal 
to the Gravity of the Fluid removed, as 1s evident from 
hence, that the Fluid fo removed is obliged to aſcend or 
move in a Direction quite contrary to Gravity; where- 
fore the Solid in its Deſcent will be refifted by a Force equal 
to the Gravity of an equal Bulk of the Fluid. 

A Conſequence of this will be, that, ſince Action 
* Re- action are equal, there will be juſt as much of 
the Gravity of the deſcending Solid deſtroyed, as is 
equal to the renitent Force, that is, to the Gravity or 
Weight of an equal Bulk of the Fluid. Whence it is 
evident that all Bodies immerſed in Fluids will weigh 
lighter if ſuſpended therein at the End of a Balance, 
than in the Air; and lighter in the Air than in Vacuo, 


where only the true, real, or abſolute Weight of Bodies can 
be ſhewn or known, 
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XIV. Is any Body E could be found 
without Weight, it would, i, placed on the 
* wo REY | Surface 


4. And fince the Force which reſiſts the Deſcent of 

Solids is proportioned to their Bulk only, it follows, 

+ that equal Bodies immerſed in Fluids loſe equal Parts 

of their Weight; and therefore a lighter Body loſes, 

more of its abſolute Weight, than a heavier one of the 

ſame Bulk. And conſequently if two Bodies of unequal 

Bulk are i» Equilibrio in the Air, that Equilibrium will 

he deſtroyed on their being immerſed in the Fluid; be- 

cauſe that which has the largeſt Bulk will loſe moſt 

Weight in the Fluid, 1 3 
5. Again; it is plain the Weight of the Fluid is aug- 
mented in the ſame Proportion, as that of the immerſed 
Solid is diminiſhed; for the Force or Action of the 
Fluid on the Bottom of the Veſſel C D is before Im- 

megfion to that afterwards as the Altitudes CE to CH, 

Ko. or to the Bulks of the Fluid EFCD and GH CD. | 

I And fince thoſe Bodies act only by their Gravity, it is | 
E plain the Action of the Fluid is increaſed only by, the 

| additional Gravity of the Quantity G H FE, which is +4 

> equal to that which the Solid loſes by Immerfion, as 

_ was before ſhewn in Art. 2. All which Caſes anſwer 

very exactly by Experiments. | 

| =” 6. From what has been premiſed we may eaſily ap- 

_ prehend what is meant by Specific Gravity, viz. that 

=: which is peculiar to any Sort or Species of Matter or Body, 

when conſider d or compar'd in any given Bulk or Magni- 

tude, as a Cubic Inch, for. Inſtance. Thus we ſay, the 

, . — Gravity of common Water is to the ſpecific 

ravity of Lead, as the Weight of a Cubic Inch of 

Water to the Weight of a Cubic Inch of Lead. And 

as the Abſolute Weight of Bodies is their whole Power of 

Gravity in Vacuo, ſo their Relative Gravity is that which 

| they have in any reſiſting Medium, as Air, Water, c. 

| and is equal to the Abſolute Weight diminiſhed by the 

. Weight of an equal Bulk of the Medium. | 

Pl. XIV #4. What relates to the Abſolute and Specific Gravities, 

Fig. 11, the. Magnitude, Denſity, &c. of Bodies, will beſt be 

underſtood by ſymbolical Computation ; in o_—_ : P 

whic 


A JT & 


Act. 


3: B. Whence D= 
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Surface of a Fluid AB, float thereon without 
any Part immerſed; for being devoid of 
Gra- 


to which let A and B be two Bodies of equal Bulk, but 


different Quantities of Matter; and let B and C be two 


other Bodies with equal Quantities of Matter, but of 
different Bulks. 


D =Denfity J 


And jet JB = Bulk by | in the Body A. 


M =Quantity of Matter 
D =Denfity 


Alſo | 15 Bulk in the Body B. 


U Matter | 
d =Denſfity | 
And 6 Bulk in the Body C. 
m=Matter | 
8. Then, becauſe the Denſity of any Body is pro- 
portional to the Quantity of Matter under equal Bulks, 
we ſhall have D: D:: M: M: and, becauſe when 


the Quantities of Matter are equal, the Bulks muſt. be 
reciprocally as the Denſities, therefore we have O: d:: 


Do: - conſequently DAB 


o 


—W - 
ME IEP 
Ad M. But B= B, and M =m; therefore DB m 
= dbM. Whence we have D: 4: : M: nB; and 
B: 6: : dM: Dm; and M: n:: DB: 46. % 
9. The Specific Gravity of Bodies being as the 
Woeights, that is, as the Gutes of Matter, in equal 
Bulks, will be as the Denſity; Therefore D: 4: : S: 
s; and by Subſtitution of Ratios we have the general 
Theorem above become SB m UH. And fince the 
Abſolute Weights (A, a,) of any two Bodies ars as 


the Quantities of Matter, we have SBa ="A 55. 


Wherefore S:5:: Ab: aB; that is, the Specific Gra- 
vities will be as the Abſolute Weights directly, and the 
Bulks inverſely, or as the Abſolute Weights divided by 
the Bullts.'s ©: a * 
10. Alſo A: a:: SB: 3; that is, the Abſolute 
Weights of Bodies are in the compound Ratio of their 
—_— Gravities and Bulks. Or the Abſolute Weight 
of any Body is had by multiplying its Bulk and Specific 
Gravity together, * 4 
Vor. I. 3 


* 
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Gravity, it could have no Force to diſplace 


any Particles of the Fluid, and fink therein. 
XV. Ir any heavy. Body F, lighter than an 

equal Bulk of the Fluid, be plated on its Surface, 

it awill fink or deſcend therein, till it has removed 


or diſplaced ſo much of the Fluid whoſe Weight is 


equal to that of the Body: For then the Preſ- 
ſure upwards aud downwards on the under 
Surface of the Body is equal; and conſe- 
quently the Body will be there quieſcent, or 
in Equilibria with the Fluid. Hence he 
whole Solid is to the immerſed Part, as the 
Specific Gravity of the Fluid to that of the 
Solid (LVIII). | 

; XVI. Ir 


11. Again; becauſe B: à:: A5: 48, it appears that 


the Bulk or Magnitude of Bodies will be as the Abſo- 


lute Weights directly, and Specific Gravities inverſely. 
Or the Magnitude of any Body is had by dividing ite 
Abſolute Weight by its Specific Gravity. 


(LVIII) 1. This Caſe is not ſtrictly true but in Va- 


cuo; for in the Air ſuch a Body may be conſidered as 
ſuſtain'd in two Mediums, viz. Air and Water; in one 
of which it will fink or. deſcend, and in the other riſe. 
And therefore to repreſent the true State of this Matter 
univerſally, we muſt raiſe a general Theorem in the 
Manner following: Let ABCD be a Veſſel filled firſt 
with an heavy Fluid to the Level E F, and from thence 
with a lighter Fluid to A B. Suppoſe the Solid X ſuſ- 
ſtain'd by thoſe two Fluids; let the Part in the heavier 
be call'd A, and that in the lighter B; and let the Spe- 
cific 8 of the heavier and lighter Fluids be as 
a and 5. | | et 

2. Then fince the Part A diſplaces a Bulk of the 
Fluid equal to A, the Abſolute Weight of that Bulk of 
Fluid will be Aa, (by Annot. LVII. Art. 10.) and _ 


0 


HY D ROST AT TS 


XVI. Ir @ Solid, as G, equal in Neigbt d 
an equal Bulk of the Fluid, be immerſed tbere- 
in, it will take any Situntion indifferently in 
any Part of the Fluid, as at G, H, I, without 
any Tendency to aſcend or deſtend therein ; Fot 
being totally immerſed, it muſt remove a Par- 
cel of the Fluid of equal Bulk and Weight ; 
and conſequently the Preſſure upwards is equal 


to 


the ſame Reaſon the Abſolute Weight of a Bulk of the 
lighter Fluid equal to B will be Bb. Let c be the 
Specific Gravity of the Solid X; then the Sum of the 


Weights of the two Portions of the Fluids muſt be 


equal to the Weight of the Solid; otherwiſe it could 
not be ſuſtain'd by them: Therefore Aa + Bb = Xe = 


A+Bxc. Hence Aa—Ac = Bc—B6b. Conſe- 
ſequently, A: B:: c-: ; and compounding, A: 
„„ | 
3. Theſe two Theorems are thus expreſs'd in Words: 
1. As the Part of the Solid within the heavier Fluid 
is to the Part contain'd within the lighter : So is 
the Difference between_the Specific Gravity of 
the Solid and lighter Fluid, to the Difference be - 
tween the Specific Gravity of the Solid and the 
heavier. | 
2. The Part of the Solid in the heavier Fluid is to 
the whole Solid, as the Difference between the 
Specific Gravity of the Solid and lighter Fluid, 
to the Difference between the Specific Gravity of 
the two Fluids. | 
4. Hence, if b =o, we have A:X::c: a; that is, 
the Part immerſed is to the whole Solid, as the Specific 
2 of the Solid to the Specifie Gravity of the Fluid. 
And if the two Fluids were Water and Air, Water and 
Oil, or any other, and their Specific Gravities given, 
with that ot the Solid, it wall be eaſy to find the Parts 


of the Solid contained in either Fluid by the Theorems = 


above-mentioned. 


12 
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pt the Tendency downwards on the lower Sur- 
face every where; and therefore it can have 
no Power to ſink; Alſo. the Preſſare down- 
wardg,. muft be equal to the Preſſure upwards 
on the upper Surface, whence. it can have no 
Tendency | to riſe or ſwim; it will therefore 
remain at Reſt in any Poſition, G, H, I, where- 


ſoever 1 in the, Fluid (LEX). 

. XVII. LASTLY, Ir a Body K or L., hea- 
vier than an equal Bulk of the Fluid, be im- 
merſed therein, it will. deſcend by the Exceſs of 
| its Gravity above that of the Fluid: For, 
| 3 when immerſed, i it Will be reſiſted by the 
Force 


| GIN 1 "x ſhewn, that while a Body 3 is ſuſpended 
| in a Medium, its Abſolute Gravity 1s Ghminilheg by 
| the Refiſtance of the Medium; it is therefore only the 
| Relative or Refidual Gravity of the Body that we find in 
| ſuch a Caſe: And this being vx to the Difference be- 
| tween'the Specific Gravities of the Body and the Me- 
| dium, tis plain, here that Difference vaniſhes, that 
is, where the Specific Gravities of the Body and Medium 
are equal, there the Relative Gravity will become no- 
thing ; whence ſuch a Body ſuſpended byyus in ſuch a 
Fluid has no ſenfible Weight. And this is the Reaſon 
| - why a Bucket of Water, while in the Water, ſeems to 
| | have no Weight; becauſe the Specific Gravities of the 
3 Water in the Bucket, and of the Wood of the Bucket, 
| being Pe. ſame with that of the Water in which it is 
 ſuſpen there can be no Relative Gravity of the Buc- 
ber of Water experienced, and therefore no Gravity or 
Weight at all. The Want of conſidering this has been 
the Oceavion of many abſurd Poſitions and puerile Con- 
clufions in Philoſophy; as Abſolute Levity, a Dimi- | 
nution of * Gravity, &c. fl | | 


-- 
* 
* » 

* 


— 4 


JF... 8. IT 


w ot 


HyprosTartdes 
Force of an equal Bulk 'of the F luid, which | 
therefore will deſtroy juſt ſo much of che 
Gravity of the Solid; and conſequently, the 
Reſidue or Exceſs of Gravity in the Solid is 


that alone by which it muſt deſcend . | 


5 4 2 * 
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(LX) 1. As thoſe Bodies ſwim which. are ſpecifi- 
cally lighter than Water, as above explained; fo others 
fink or deſcend in a Fluid by being ſpecifically heavier, 
that is, by their relative Gravity. Thus if the ſpecific” 
Gravity of the Solid be to that of the Fluid as 3 to 1, 
then 3—1=2 is the Relative Gravity by which: it de- 
ſcends. If the- Specific Gravities are as 7 to 1, then 7 
1=6 is the Relative Gravity. Whence we obſerve, 

2. That the Deſcent of Solids in a Fluid Medium is 
the very ſame with that of Bodies deſcending on an in- 
clined Plane, becauſe in both Caſes the abſolute Gra- 
vity is only diminiſhed, by the Reſiſtance af the Me- 
dium in one Caſe, and by that of the Plain in the other; 
and therefore all the Properties of the Motion of 4 
Body falling freely, belong to this Motion through a 
Medium likewiſe. . e o 
3. This Relative Gravity of Solids, by which they! Pl. X 


ſink or ſwim, is uſually illuſtrated by the Deſcent and Fig. 13. 


Aſcent of Glaſs Images and Bubbles included in a Jar 
of Water. cover'd over with a Bladder, ſo as to include 
a ſmall Quantity of Air between the Bladder and Water? 
The Images, &c. have ſmall Holes in the Bottoms of 
their Feet, thro' which ſome Water is put into their Bo- 
dies, and that in ſuch Quantities as will render them 
but very little ſpecifically lighter than Water, but ſome 
more ſo than others, chat they may not begin to move 
all together. | | v | 

4. The Images being thus put to float in Water, and 
the Bladder, tied down, if the Hand be laid on the 
Bladder, and gently compreſſes the Air beneath, the 
Air by its Spring will act upon the Water, and 
cauſe it to compreſs the Air in the Bodies of the Images, 
by which Means more Water will be driven into their 
* 43 Bodies ; 
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From what has been premiſed of the Na- 
ture of Fluids, it will be eaſy to underſtand, 


that 


Bodies; and when ſo auch i is got in as will make them 

ſpecifically heavier than the Water, then they will begin 

to deſcent one after another; and by varying the De- 

(ied of Preſſure you may keep them ſuſpended in any 
of the Fluid as you pleaſe. 

F. It is to be obſerved, that the Matter of which the 
Bodies of thoſe Images and Bubbles are made ought to 
be ſpecifically heavier than Water, that they may fink 
— filßkd with Water, which otherwiſe they could not 
do: They are therefore made with Glaſs, which is 
about three Times heavier than Water. Alſo the Holes 
in the Feet ought to be very ſmall, yu Who AN ſhould 
run out in the Air. 

6. On tbe contrary, if the Images were but juſt hedvy 
enough 'to fink to the Bottom of the Jar, if then the 
Bladder, inſtead of deing preſs d down, were lifted up 


from the Surface of the Water, the Air would expand 


itſelf, .and have a leſs Spring; and therefore the Air alſo 
in their Bodies would exert its Spring, (which is now 
greater than that under the Bladder) and drive ſome 
Water out of their Bodies, by which Means they will 
reap 1 Eper than the Water, and as | in it 
* © 

ts Pas he Image or Bubble will fink or Fyim without 
the Artifice of a Bladder, if nicely managed ; for if Care 
be taken to have juſt fo much Water in the Image as 
will render it but very little higher than the Water, it 
will then ſwim at the Surface; 1 then you put it into a 


proper Depth, the natural Preſſure of the Fluid upwards 


I. XIV. 
Fig. 14. 


force ſo much Water more into it, as to make it 
heavier than Water, and from that Place it will, of its 
own Accord, fink down to the Bottom. Whence it ap- 
pears the fame Body will fink or fwim in the fame Me- 


dium, according to the different Cireumſtances it is un 


der from the Medium, and not from any Thing in ;rſelf, 

8. If any Veſſel A B be fill'd half fall with Salt Water 
to C, and a Bubble at B be made juſt heavy enough to 
nk therein to the Bottom; and after that an Image 
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that the ligbtaſ Body P may be depreſid in the 
heavieſt Fluid, by any Contrivance to keep the 
ſaid Fluid from preſſing on the under Surface 
of the light Body, by which Means only light 
Bodies are made to ſwim. Thus Cork or Wood 
will abide at the Bottom of a Veſſel fill'd with 
Quickſilver. wy 
AGAIN: On the other Hand, the heavieſt 
Body M may be made to fivim in the lighteſt Fluid, 
by keeping the ſaid Fluid from preſſing on its 
upper Surface, by means of the Tube NO: 
For when by this Means it is immerſed fo 
deep as to keep off an equal Weight of the 
Fluid, the Preſſure then of the Fluid acting 
upon its under Surface upwards will be equal to 
the Weight of the Solid tending downwards ; 
and therefore if the Solid be ſunk ever fo little 


deeper, 


at C, having ſo much Water put into its Body that 
when the Hole in its Foot 1s ſealed yp, it ſhall be juſt 
light enough to ſwim in the ſaid ſalt Water: Thin 
being thus prepared; if ſo much hot freſh Water 


put into the Jar AB as will fill it to the Top, the 


Conſequence will be, that the Fluid being now lighter, 
will not ſuſtain the Image C which will ſink to the Bot- 


tom; and the Heat of the Water will rarify the Air in 


the Bubble B, by which Means the Water in it will 
be in Part extruded, and the Bubble thereby becoming 
lighter, will riſe to the Top. Tihys: By this Artifice, 
the Image and Bubble will ſpontaneouſly (as it were) 
change Places ; which pleaſant Experiment, or Hydro- 
ſtatic Problem, was firſt propoſed by oy. 18 Caſwell, 
Astronomy Profeſſor at Oxford, near 40 Years ago, 
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deeper, it muſt ſwim by the ſuperior Force or 
Preſſure of the Fluid upwards (LXI). 
HEN CE alſo the Reaſon of trying the different 
Gravity, Den/ity, or Strength (as it is common- 
ly call'd) of divers Fluids or fpirituous Liquors 
by the® HyDROMETER or Water-Porſe: For, 
ſince the ſtronger any Fluid is, the greater 
will be its Refiſtance te any Solid immerſed, 


Pl. XV. (LXI) Thus for Inſtance, if the Body M be 5 Times 
Fig. 3. heavier than Water of an equal Bulk, and if by Means 
N of the Tube NO, placed on its upper Surface, the 
Water be kept from preffing thereon, that it be im- 
merſed to 7 Times its Thickneſs below the Surface of 
the Water, tis plain the Preſſure on the under durface 
upwards will be as 7, but downwards only as 5; and 
therefore ſince there is the Exceſs of two Degrees of 
5 Preſſure upward, tis plain the Body cannot deſcend; but 
may 107 Propel be ſaid to ſwim on the Water, and 
0 this will be the Caſe of all Bodies, however large or 
heavy, if placed at a proper Depth in the Water, with 

the above-mentioned Circumſtances. 

2. But what is moſt remarkable, and at the ſame Time 
the cleareſt Proof of the Hydroſtatic Paradox, is, that if 
the Body M be'immerſed to the Depth of 10 Times its 
Thickneſs below the Surface, with a Tube tg keep off 
the Water from its upper Surface, then whatever be the 
Form of the Tube upwards, Water pour'd into the ſame 
will in all Forms thereof, at the Altitude of 5 Times 
the Thickneſs, make the Preſſure on the under Surface 
upwards and downwards equal, and r if the 
Altitude be ever ſo little increaſed, the Body will de- 
ſcend. If the Body be immerſed to a Depth, equal to 
12 Times its Thickneſs, then the Altitude of the Water 
pour'd in muſt be equal to 7 Times its Thickneſs, be- 
cauſe 7+5=12, and ſo on in all other Depths, let the 
Veiſel NO be ever ſo great or ſmall, provided its Baſe 

be equal to the Surface of the Body; the Preſſure of the 
2 Water pour'd in being prpportional to the Altitude 
> only, and not at all to the Quantity thereof, 


* 
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far in the heavy or ſtrong Fluids, as into 


thoſe which are lighter or weaker. The ſe- 
veral Degrees of Strength, therefore, are eaſily 
ſhewn by the graduated Neck of this Inſtru- 
oo * 


„ | | 
(LXII) 1. The HyDROMETER is one of the moſt 
uſeful Inſtruments of the Philoſophicai Kind; for tho? 
the Hydro/tatic Balance be the moſt general Inſtrument 


for finding the Specific Gravities of all Sorts of Bodies, 


yet the Hydrometer is beſt ſuited to find thoſe of Fluids 
in particular, and with the greateſt Eaſe, Conveniency, 
and Expedition, as will appear from the following Ac- 
count, and Deſcription thereof. 1 6055 | 

2. This Inſtrument conſiſts of four principal Parts, 
viz. (I.) A large round hollow Ball or Sphere ABCD, 


which is made of Ivory, Glaſs, or Metal, as Copper, 


Braſs, Sc. (2.) An hollow Glaſs Ball E C, of a-ſmaller 
Size, partly fill'd with Quickſilver ſcrew'd on to the 
lower Part of the former, in order to render it but little 
ſpecifically lighter than Water, that it may nearly ſink 
in it. (3.) A long ſmall Stem or Shank AF fix'd into 


it on the upper Part, which by its Weight cauſes the 


Body of the Inſtrument to deſcend in the Fluid with 
Part of the ſaid Stem. (4.) A ſmall Weight F, ſcrew'd 


on upon the Top of the Stem or Wire AF, to cauſe 
the Inſtrument to fink ſo far, that the Surface of the 


Fluid may always cut the Stem in its Middle Point G. 


3. Though the above be the uſual Structure and Com- 


poſition of this Inſtrument, it is certainly not the beſt; 
for if the Body or Globe AB CD be of Ivory, it. will 


imbibe Part of the Liquor, and ſo its Specific Gravity 
will be altered, and conſequently the Experiment can- 


not be juſt. If it be of Glaſs, it will be ſubject to 
break, and will ſtand in need of Screws, Solder, Lea- 
ther, c. to make the Parts tight, which will be 
found alſo both inaccurate and inconvenient. The beſt 
Way therefore is, to have it made of Metal, viz. of 
Copper; with a Braſs Stem above, ſolder'd on; and. 

, rais 
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Tux HyprosTATIC-BALANECE is alſo an 
Inftrument invented on the fame Principle. 


By 


Braſs Ball below to ſcrew on with a very nice Shoul- 


der ; then' every Part will be durable, and very Heure 


from any Alteration of its Weight. 


4. When this Inſtrument is ſwimming in the Liquor, 
the Part of the Fluid diſplaced by it will be equal in 


Bulk to the Part of the Inſtrument under Water, and 


equal in Weight to the Weight of the whole Inſtrument, 
Suppoſe the Weight of the Whole were 4000 Grains, 
then it is evident we can by this Means compare toge- 
ther the different Bulks of 4000 Grains of various Sorts 
of Fluids. For if the Weight F be ſuch as ſhall cauſe 
the Hydrometer to fink in Rain-Water, till its Surface 
comes to the Middle Point of the Stem G ; and if after 
this, it be immerſed in common Spring Water, and 
the Surface obſerved to ſtand one-tenth of an Inch be- 
low the Middle Point G, *tis evident that the ſame 
Weight of each Water differs in Bulk only by the Mag- 
nitude of one Tenth of an Inch in the Stem. 

3. Now —_— the Stem were ten Inches long, and 
weigh'd 100 Grains; then every tenth of an Inch would 
be one Grain Weight, and ſince the Stem is of Braſs, 
and Braſs is about eight Times heavier than Water, the 
ſame Bulk of Water will be equal to one-eighth of a 
Grain; and conſequently to one-eighth of A; Part, that 
is a 32000dth Part of the whole Bulk, which is a Degree 
of Exactneſs as great as can be defired. Yet the Inſtru- 
ment is capable of ſtill greater, by making the Stem or 
Neck to conſiſt of a flat thin Slip of Braſs, inſtead of one 
that is round or cylindrical : By this Means we increaſe 
the Surface, which is the moſt requiſite Thing; and di- 
miniſn the Solidity, by which the Taftremend 1s render'd 
more exact. 8 8 

6. In order to adapt this Inſtrument to all Sorts of 
Uſes, there ought to be two different Stems to ſcrew on 
and off in a ſmall Hole at A. One Stem ſhould be 


ſuch a nice thin Slip of Brafs, or rather of Steel, like 


a Watch-Spring ſet ſtrait, as J have juſt mentioned, on 
one Side of which ought to be the ſeveral 3 or 
| Divi- 


r 1 Y 


e 


finding the various comparatiue or 
vities of Fluids and ſolid Badjes, to the Ig Degree 


of 


HYDPROSTATICS. 
By it we have a m uſeful and ready Method of 


Specific Gra- 


Diviſions, to which it will fink in various Sorts of Water, 


as Rain-W, ater, River-Water, Spring-Hater, Sea-Water, 


Salt-Spring-Mater, &c. And on the other Side you 


mark the Divifton to which it ſinks in various lighter 


Fluids, as Flor-Bath-Water, Briftol-Water, Lincomb- 
Water, Cheltenham-Water, Port-Wine, Mountain, Ma- 


deira, and various other Sorts of Wine. But in this 
Caſe, the Weight F on the Top muſt be a little leſs 


than before, when it was uſed for the heavier Waters. 
7. But in caſe of trying the Strength of ſpirituous 

Liquors, a common cylindric Stem will do beſt, be- 

cauſe of its Strength and Steadineſs ; and this ought to 


be ſo contrived, that when immerſed in what is called 


Proof-Spirit, the Surface of the e may be upon the 
Middle Point G, which is eafily done by duly adjuſting 
the ſmall Weight Fon the Top, and making the Stem 
of ſuch a Length, that when immerſed in Water, it 
may juft cover the Ball, or riſe to A; but when im- 
merſed in pure Spirit, it may riſe to the Top at F; 


then by dividing the upper and lower Parts GA, GF, 

into ten equal Parts each, when the Inſtrument is im- 
merſed into any Sort of ſpirituous * it will imme 
diately ſhew how much it is above or be 


low Proof. 
8. This Proof-Spirit confiſts of half Water, and half 


Alcohol, or pure Spirit, that 1s, ſuch as when poured 
upon Gunpowder, and ſet on Fire, will burn all away, 
and permit the Powder to take Fire, which it will, and 
flaſh as in the open Air. But if the Spirit be not fo 
highly rectified, 
ter, which will make the Powder wet, and unfit to take 


Fire. This Proof Spirit of any Kind weighs ſeven 
Pounds twelve Ounces per Gallon. 


ere will remain ſome Phlegm or Wa- 


9. The common Method of ſhaking the Spirits in a 


. Vial, and by raiſing a Crown of Bubbles, to judge by 


the Manner of their rifing and breaking away, whether 


the Spirit be Proof or near it, is very precarious, and 
Fpadle of great Fallacy. "There is ng way io eaſy, quick, 


certain, 
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of Accuracy; eſpecially in the New Structure 
and Method of uſing it, as repreſented in Plate 
XV. Fig. 4. The Parts of which are as fol- 
low; AB, the Foot on which it ſtands; CD, 
a Pillar ſupporting a moveable Braſs Plate E F, 


faſtened thereto by the Screw in the Knob e. 


In the End of this Plate is fix d an upright 
Piece I K, ſupporting another Plate G H, 
which flides backwards and forwards thereon, 
and is moveable every Way about it. In the 
End of this Plate, at I, is fixed (by a Nut 

beneath) a Wire L M, tap'd with a fine Thread 
from one End to the other; upon this moves 
the Swan Neck Slip of Brals NO, to which 
a very exact Balance is hung at the Point N; 

to one of whoſe Scales P is appended the heavy 
Body R, by a fine Horſe-Hair or Piece of Silk 
S : The Weight of the ſaid Body R in the Air 
1s expreſs'd by the Weights put into the Scale 
Q_to make an Equilibrium therewith, which 
being deſtroyed by immerging the Solid in 
the Fluid TV, contained in the Glaſs WV, 

is again reſtored by Weights put into the Scale 


P. So that the Weights in the Scale Q compared 


With theſe i in the Scaie P, ſpew at once the 
Specific c 


certain, and philoſophical, as this by the H Mdrometer, | 


which will demonſtrate infallibly the Difference « of Bulks, 
and conſequently Specific Gravities, in equal - Weights 
of Spirits, to the 30, 40, or 50-thouſandth Part of the 
Whole, which is a Degree of Accuracy, beyond which 
nothing can be deſired. 
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Spec ific Gravity of the Solid R to that of the Fluid 
TV (L XIII). 9 


Tak Specific Gravity of Fluids is rea- 


dily determined by weighing one and the 


5 
(LXITI) 1. The Reaſon why I have given no Ac- 


count or Figure of the Common Hydro/tatic Balance, is 


becauſe it is every where to be found in Books of this 
Sort ; but principally,. becauſe I would adviſe Gentlemen 
to the Uſe of that exhibited in the Lectures, which they 
will find far more expeditious and exact, and therefore 
much better fitted to anſwer the End of ſuch an Inſtru- 
ment. For this Method of ſuſpending the Solid to be 
weighed by a Horſe-Hair, or fine Silk, requires not the 
large heavy Glaſs-Bucket (as in the Common Hydroſtatic 
Balance) to find the Specific Gravities of Solids; or the 
heavy Glaſs-Bubble to find thoſe of Fluids; and there- 
fore the Weight being reduced, the Balance may be 
ſmaller and nicer, and conſequently ſuch as will turn 
with a leſſer Difference of Weight. | 

2. The different Gravities of Solids being firſt com- 
pared with that of Water, are then eaſily compared with 
each other; for let S be the Weight of one Solid, „the 
Weight of any other, and W the Weight of Water, all 
of equal Bulks; and let S: W:: 5: 1, and s: W: 7: 
I; therefore 5 W = 8, and) W = 5; conſequently 8: 
S : W: W:: 5:7; that is, the Specific Gravities of 
the Solids S and s are as 5ᷣ to 7. And in the ſame Man- 
ner the Specific Gravities of Fluids are compared, being 
firſt compared with that of any one Solid. 

3. As the very Notion of Specific Gravity implies 
Compariſon, ſo there muſt be ſome Sort of Body fixed 
upon, whoſe Gravity muſt be made a Standard for the 
Gravities of other Bodies of equal Bulk to be compared 
with., This Standard Body muſt have two Properties ; 
firſt, it muſt be eaſy to be had or come at upon all Oc- 
caſions; and ſecondly, it muſt be of a fixed unalterable 
Nature, or at all Times the ſame, that there may be 
no Variation of its Gravity in equal Bulks, in different 


Times or Places. Now it is certain ſuch a Body muſt be 


of the Fluid Kind, becauſe the beſt Way of finding Spe- 
eific Grayities is by Immerſion. 


_ 2 8 
© % 


| 286 


we find various Kinds, and of different Gravities, and 
none which are quite unexceptionable. Rain Mater is 
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ſame ſolid Body in them ſeverally; for 
ſince we ſuppoſe the Balance in Equilibiro 
with 


4. Among Fluids there are none. which promiſe the 
Requiſites for a Standard ſo fairly as Water. Yet here 


the moſt ſo of any, (but this is not always at Hand) 
its Specific Gravity being ſo neatly always the ſame, that 
could it be always had, it would anſwer all our Purpoſes , 
very well. However, Common Water, by Means of the 
Hydrotneter, might be always made a Standard in the 

following Manner. | 
5. Let there be a Quantity of Salt diſſolved in Spring- 
Water to give it a Body of Denſity, a little greater than 
any Water of that Kind can be ſuppoſed to have natu- 
rally. Then let a very exact Hydrometer be ſet to float 
therein, and obſerve at what Diviſion of the Neck the 
Surface of Water ſtands; and that will be the Point, 
to which the Hydrometer ought to fink in the Water 
deſigned for thele Experiments, and which it may eafily 
be made to do by the Solution of Salt therein, or a Mix- 
ture of Salt- Water therewith, And a better Method 
than this, for procuring a Standard Fluid, 1 am not able 
to think of. | 
6. By this Method I only propoſe to fix a Standard 
for very nice Enquiries ; but for common Uſes, Common 
Water will do, whole Gravity muſt be repreſented by 
Unity or 1, or (in caſe of conſtructing Tables with great 
Accuracy) by 1,000, where three Cyphers are added to 
give room to expreſs the Ratios of other Gravities in 
larger Numbers in the Table, In doing this, we have 
a two-fold Advantage; the firſt is, that by this Means 
we can expreſs the Specific Gravities of Bodies to a much 
greater Degree of Accuracy and Exactneſs. The ſecond 
is, that the Numbers of the Table do alſo expreſs the 
Ounces Averdupois contained in a Cubic Foot of every 
Sort of Matter therein ſpecified, becauſe a Cubic Foot 
of common Water is found, by Experiment, to weigh 
very nicely 1000 Ounces. 
7. Now an Ounce Averdupois weighs 4372 Lang 
an 
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with the Body ſuſpended in the Air, the 
Equilibrium will be deſtroyed when the 
Solid 


and an Ounce Troy contains 480 Grains, therefore the 
Averdupois Ounce is to the Try Ounce as 4374 to 480, 
or, as 51 to 56 nearly. The Averdupo;s Pound is to the 
Trey Pound as 4375 16 =4000, to 480 x 12 5760, that 
is, as 17 to 14 nearly; ſo that a Cubic Foot of Water 
weighs 62416. Averdupois, and nearly 76 1b, Troy, And 
hence it is that ſuch a Table becomes ſo uſeful in the 


Solution of various phyſical and mathematical Problems, 


and Science of Geometry, extended by Hydroſtatic Prin- 
ciples. | 

8. From what has been ſaid, nothing can be eaſier to 
be underſtood, than the Method or Praxis of the Hy- 
droſtatic Balance, for finding the Specific Gravities of 
all ſuch Solids as are heavier than Fluids, and will fink 
in them; but for thoſe which are lighter, as Wood, 
Cork, &c. and will not be totally immerſed, a different 
Method muſt be taken, viz. the lighter is to be con- 
need to an heavier, and ſo both together to be im- 
merſed into the Fluid, as one compound Body, and ite 
Specific Gravity thus determined; then having the Spe- 
tific Gravity of the heavier Body, and of the compound, 
that of the lighter Body will be eafily found. 
9. For ſuppoſe to a Piece of Copper, weighing 18 
Grains, be tied a Piece of Elm Wood, weighing 15 
Grains, then will the Compound weigh 33 Grains: 
Again, ſuppoſe the Copper alone in Water weighed 16 
Grains, and the Compound only 6 Grains ; the Loſs 
of Weight in the Compound will be 27 (= z33—6) 
which is the Weight of 9a equal Bulk of Water: If 
from this we ſubtract 2 (the Loſs of Weight in the 
Copper, and Weight of an equal Bulk of Water) the 
Remainder 25 will be the Weight of a Bulk of Water, 
equal to that of the Elm. But the Weight of the Elm was 
15 Grains: The Specific Gravity therefore of Water is 
to that of Elm- Wood, as 25 to 15, or as 1 to 0,6. 


to. Another Way more ſimple to find the Specific pl. XVI 
Fig. 1. 


Gravities of light Bodies (without tying them to heavy 
pes) is as follows, AB CD is a Veſſel of Water, 
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therefore the Weight L, added to that 


Pl. XVI 
Fig. 2. 


Water, will 


 HrTDnRrosTATIC8; 
Solid is immerſed' in the Fluid; and muſt 
be then reſtored by Weights put into that 
e We Scale 


in which is placed a ſmall Pulley E, on a Foot F; G 1s 


a light Hoc floating on the Surface of Water; HI is 
a Balance, I E G a Horſe-Hair going round the Pulley, 
and connecting the light Body G to the End of the Ba- 
lance. Now let the Veſſel be placed in ſuch a Manner, 
that the Body G refuſing to go under Water, may draw 


the Balance HI out of an horizontal Poſition; then 


ſuch a Weight L, placed on the Scale K, as will draw 
the Body G under Water, and reſtore the horizontal 
Poſition, or Equilibrium of the Balance, will diſcover 
the Specific Gravity of the Body G. ; 

11. For ſince Bodies aſcend, as well as deſcend, by 


the Differences of Specific Gravities, or relative Weight; 


it is plain the Weight L, that detains the Body under 
Way: muſt be equal to the Exceſs of the Weight of 
the Fluid above that of the Solid under equal Bulks, and 

- the Body, will 
give the Weight of an equal Bulk of Water, and of 
courſe. the Specific Gravity. For Example, let the 


Body G be a Piece of Elm-Wood weighing 36 Grains, 


and the py ah L ſufficient to detain or keep it under 

| found equal to 24 Grains; then 36 + 
24 = 60 = the Weight of Water equal in Bulk to the 
Elm. Conſequently the Specific Gravity of Water 
is to that of Elm, as 60 to 36, that is, as 1 to 0,6; the 


' ſame as was found before. Note, the Weight of the 


Scale K muſt be added to the Weight L, becauſe it is all 
the Force upon the Point H that keeps the Body under 
Water. | | 4 
12. There is yet another Way, and that a very good 
one, for finding the Specific Gravities of ſuch Liquors 
as will not mix with each other, as Water and all 
Kinds of Oil; it is thus: Let AB C D be a Veſſel of 
Water to the Height EF, and GH a Tube dipt in Oil 
firſt, for the Oil to riſe a ſufficient Height therein, when 
the upper Orifice H is to be ſtopped cloſe with the 


Finger, and thus immerſed into the Water of the 


Veſſel; then the Finger being taken away, the Oil 
| will 


„ 
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Scale to which the Body is appended. 


Theſe Weights will ſeverally expreſs the 


Gravities 


will ſubſide and ſtand at the Altitude GT in the Tube. 
Now fince this Column of Oil is balanced or ſuſtained 
by a Column of Water of an equal Baſe and Altitude 
F, and the Denſities of Fluids are reciprocally as the 
Bulks, the Specific Gravities (which are as the Den- 
fities) will be as the Bulks, that is, the Altitudes reci- 
ey (becauſe the Quantity of Matter is the fame in 
oth) therefore if G I = 100, and CF = 87, the Spe- 
cific Gravity of the Oil will be to that of the Water, as 


87 to 100, or that of the Water to that of the Oil, as 


1,000 to 0,87 | 
13. In like Manner, if ABC D be a long Tube with 
a little Mercury -poured into a ſmall Height bc, and 
then a ſmall Tube ae, open at both Ends, be put into 
it; and laſtly, if Water be poured into the large Tube 
upon the Mercury to the Height of 14 Inches, it will 
dy its Preſſure raiſe the Mercury to the Height b of one 
Inch in the ſmall Tube above the Surface of that in the 
large one; which ſhews that the Specific Gravity of 
Mercury is to that of Water nearly as 14 to 1. As 
will appear by the Experiment if accurately made. 


14. Once more; another Way, which in ſome Caſes 


may do very well, to find the Specific Gravities of any 
different Liquids, is by Means of a recurved Tube 
ADG, in which if Quickfilver be poured firſt to fill 
the Bottom Part, and then one Liquid into one Leg, 
and another Liquid into the other Leg, in ſuch Manner 
that they preſs on the Quickſilver on each Side equally, 
which will appear by the Surface on each Side being in 
the fame horizontal Line CE; then will the Specific 
Gravity of the Liquid in the Leg AC be to that: in the 
Leg EG, as the Altitude of the latter E F to the Alti- 
tude of the former CB. 

15. By the Table of Specific Gravities it appears that 
Gold is the heavieſt Body in Nature, and that Mer- 


cury is next to it in Gravity; and conſequently Gold 
Vor. I. U only 


I 
*: 
kd 


2 89 #41 


* 


only will ſink in Mercury; therefore 
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Gravities of an equal Bulk of the reſpec- 
tive Fluids; and conſequently, they may 
5 thus 


weighing Gold 
in Mercury and Water, the Specific” Gravities of theſe 
two Fluids may be determined by the Hydroſtatic Ba- 
lance: But ſince Mercury will readily adhere to Gold, 
it will create us ſome Frouble in getting it off again, 
which muſt be done by Fire, or Aqua Fortis; as the 
latter is not always at Hand, it is common to put Gold 
into the Fire, but Care muſt be taken not to put it into 
a Coal Fire, becauſe the acid Spirit of the Sulphur Will 


leſſen the Coheſion of the Particles of the Gold, and ſo 


render it very brittle, and apt to break, eſpecially when 
laid on a cold Stone to cool; the beſt Way therefore to 
find the Specific Gravities of theſe Fluids is that above 
directed in Art. 13. 3 


16. 4 TABLE of SPECIFIC GRAVITIES. | 


Of METALS. 
Fine or pure Gold, 19,640. 
Gold of a Guinea of George Il. 1771 50 
Gold of a Moidore, * 17,199. 
Silver fine or pure, 11, 9 1 
Silver of a Shilling of George II. 10,000 _ 
a Fab 10, 130 
Opper, 5000 ©» 
Bras caſt, 778 50 
—— wrought, „ 85000 
Steel tempered, | 7,704 
1 | 7,045 
Tin, 7.550 
17. MINER ALS, ORES, &c. _ 
Copper Ore, * 
Lead Ore, | + 
5 Biſmuth, | 
Turbith Mineral, 


Antimony from Germany, 


8 2 
HrDPROSTAT Les. 


of them with the Gravity of common 


Antimony from Hungury, 4.700 
Speltar, — 7,005 
18. STONES, FOSSILS, Ge. 


Adamant or Diamond, 

A Pſeudo-Topaz, 

A Pſeudo-Hyacinth, 

A Pſeudo- Jaſper, | 

A: Bohemian Granate, | 4. 

Swediſh Granate, 0 

1 | 

A Cornelian, 

Turcois Stone, 

Sardrachates, 

A golden Marcaſite, 

Rock Cryſtal, 

Iſland Cryſtal, 

Lapis Nephriticus, 

Lapis Lazuli, 

Lapis Hzmatites, 

Lapis Calaminaris, + 

Lapis 3 a 

Lapis Manati, 

Lapis Amianthus, or Atbeſtos from ales, 

— ditto, from Hay, 

Glaſs of the common Sort, 

Flint, 

Black Italian Marble, 

A white 7talian ditto, 

A fine Marble, 

Another ditto of Italy, 

A pellucid Pebble, . 
Selenitis, ; 
undick, or Gold Spar, 

Kidney Stone, 

Blue Stone, | 

U 2 


thus be compared with each other, or all 
Va- 


ter, 


3.400 
4,270 


2680 
60 


29 
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ter, as uſual, and diſpoſed i in a proper =" 
_—— that of Water 1, 00. 51 71 


| 7 
bs 
Star Stone de '? 1421 at 
Hard Paving Stone, 23 
= SarforaStans,.. oo, 2, 49 
Alabaſter, . 1,875 
Rag - Stone, Ibn dr an 
F Rotten-Stone, JED One © 
Copperas-Stone, 4456 +. 44300 
2 y - (1755256350 
late, BY tit. 4 ; 2,40 
Qil-Stone, 2, 380 
EI An Hone, 8 2,388 
China, n 
"i | Piece of Brown Stone Bottle, 15,777 
Piece of White Stone Mug, e 2260 
Talc, | INE = 
— of Venice, 57 8 
— of Jamaica, | 3.000 
Armenian Bole, or Earth, 2,727 
Common Sea Coal, 1 9917 
Magnet, or Loadſtone, 1,840 
Piece of Stonehenge, very hard, 2,618 
—— ditto, of a ſofter Sort, 2,500 
ie Stone, | 2,510 
EE. 19. ANIMAL SUBSTANGES: 
Bone of an Ox, | 1 59 
Yo ,82 
3 The Th Tip of a Rhinoceros' s Horn, © 1,242 © 
n — of an Ox Horn, | 1,840 
of a Stag's Horn, 1,875 
Calculus humanus, *s 1,700 
= Ditto o 1, 240 
Ditto | '- 1,433 
| | Ditto . 78 LA" 1, 
9 Oyſter-Shell, | - 2-092 
| Murex-Shell, I 2., 590 


* 
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In the fame Manner, if divers Solids 
are firſt 1 in Air, and then after- 


A Cockle-Shell, 

Mother of Pearl, 

A Piece of hard Fiſh Skin, 

A Piece of dried Fleſh of Fiſh, 
The Quill Part of a Feather, 


20. VEGETABLE SUBSTANCES. 


1,030 
O, 928 


Dry Box- Wood, 
Dry Oak, 
Dry Elm, 

| Dry Aſh fa 


Ditto more ry, about the Heart, 


Dry Maple, 
Dry. Fir, 
Dry Cedar, 
Dry Walnut-tree, 
Dry Yew, 
Beach meanly dried, 
Crab - tree meanly dried, 
Lignum Vitæ, 88 
| Logan Nephriticum, 
Lignum Aloes, . 
Lignum Brazilicum, 
Lignum Rhodium, 
7— Aſphaltum, 
um Guaicum, 
| * ym Wood, 
Nel Wood, 
Red Santalum Wood, 
White ditto, 
Citrine ditto, 
© Speckled Wood of 2 — 
Maſtic Wood, 


ö bom? 


\ 


wards 


2, 520 


1,621 


OP 


1,330 


O, 


0,234 


0,845 


0, 755 


> 
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; 7 
& / | 


wards immerſed in the ſame Fluid, as Was 
ter, for Inſtance, the Equilibrium will be 


1,040 
2 1,238 
oar Oriental, . 530 
Occidental, 
Sulphur Common, 1805 
— Vivum, — of 
Borax, 1225 
Wodd petrified, — 2 
Coral Red, 
— White, 
Corallachates, | 2,500 
Cinnabar Natural 4 Jo 300 
—— Artificial, 8, 200 
— „ Antimony, 6,044 
The reputed Silver Ore of Wales, 7.404 
The Metal thence * 11,08 
Ceruſe, 3,5 
Tartar Common, 1,849 
—— — Emetic, 2,240 
— Vitro, 225298 
tire Tartar, 1,900 
"Y Camphire, o, 995 
1 . Mercury Crude, 13,593 


Amber, 


deſtroy d; 

Good Wheat of the laſt vn, 0,757 
White Qats, 0,472 
Blue Peaſe, 0,795 
White Peaſe very ary, o, o7 | 
Barley of the laſt Year, 0, 6 $6 
Malt made of the ſame, Ko a5 
Field Beans very d 

Wheaten Meal unſi ted, a pr * 
Rye Meal unſifted, o, 454 
Wood-Aſhes, 0,930 


a. MISCELLANEOUS SUBSTANCES, 


3 * 
5 : — _ n f | — 
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deſtroy'd ; which will be reſtored, as be li 
fore, OP” putting in ſo much Weight as 18 [ 
Ld . 
| | by 
Mercury diſtilled once, 13, 525 i 
Sublimed 511 Times, 14,110 | 
Glaſs of Antimony, 5,280 © | Ns 
Vitriol of Dantzick, ö 1,715 2 N 
m— Engliſh, 1,880 bi! 
W hite, i # i 
Sal Gemme, 23 E i 
— Prunellz, 2,14 4 
— Polychreſtum, 2,148 þ 
— Ammoniacum, I,45 Wy; 
.— Mirabile Glauberi, 2,2 Ws 
Salt of Hartſhorn, ' 1,490 5 
Salt of Vitriol, _ 2 1,900 „ 
Alum, | 5 1,714 1 
Nitre, | 1,900. 1 
Gum Arabic, 1,375 0 
Gum Tr agacanth, * l | 5 1 
Myrrh, WW 
Verdigreaſe, - 
Opium, V - i 
Litharge of Gold, | * 
— of Silver, 15 
Bees-Wax Yellow, 5 
Pitch, "'Y 
utty, : | 
Honey, 
Roſin, 25 


Craſſamentum of the human Blood, 
Serum of the human Blood, 
Piece of petrified Bone, 


* . Of FLUTDS. 


Rain LOT 
- Diſtilled Water, 


— 
. * * 4 


Ly 
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equal to the Weight of the ſame Bulk of 


every 


Water: The Gravity, therefore, of 
Well or Spring Water, 0,999 
River Water, | 1,009 
Sea Water, 1,030 
Aqua Fortis, 5 7 5 5, 300 
yo Regia, | 1,234 
Oil of Vitriol, 1,700 
Oil of Clove Gilliflowers, 1,034 
Oil of Amber, „ o, 978 
Oil of Anniſeed, 0,994 
Oil of Caraway Seed, 0,940 

Oil of Linſeed, | 20,932 
Oil of Mint, | Nn \Go79 
Oil of Olives, . | 9888 
Oil of Orange, ; | o, 88 
Oil! of Origany, - 0, 940 
Oil of Roſemary, | 8934 
Oil of Saſſafras, ; 1,094 
Oil of Spikenard, Fond 0,936 
Oilhof Purpentine, 0,92 
Spirit of Turpentine, 0,874 
Spirit of Wine rectified, © 0,840 
Ethereal Spirit of Wine, 8032 
Spirit of Vitriol, 1203 
Spirit of Amber, 15030 
Spirit of Hartſhorn, | 1,073 
Spirit of Urine, 1 
Spirit of Honey, 0,89 5 
Spirit of Nitre, 1,315 
Ditto re&ified, _ 15,610 
Spirit of Sea Salt, © 1, 130 
_ © Spirit of Tartar, 1,07 
IT incture of Antimony, 0,8 
Butter of Antimony, 2,470 
Balſam of Tells, i _ . 0,896 
3 Lixivium of Salt of Tartar, e 
u Wing, „ 1:4 WI, 
| & IF 


Solid 
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Solid is thus compared with Water, and con- 
ſequently with each other; as in the Table 
below. | 


ff # 


TRE 
Canary, 1,033 
Red Wine from Pontac, | © Good | 
White Wine Vinegar, | 1,011 
Diſtilled Vinegar, wt? 1, 30 
Milk of Goats, 1,009 
Cow's Milk, 1,030 
Urine, 1,030 


23. Since all Bodies are fubje& to expand with Heat. 


and be condenſed with Cold, it muſt follow, that the 
Specific Gravities of Bodies cannot be preciſely the ſame 
both in Summer and Winter. This was firſt obſerved 
in Experiments by M. Homberg, and after him by M. 
Zi ſen ſchmid, who found the abſolute Weight of a cubic 
Inch of feveral Sorts of Bodies in Summer and Winter 
were ſenſibly different in each other, but upon examin - 
ing the Numbers in his Table, I find they are very er- 
roneous, and have left them out in this Edition, and 
ſhall only obſerve, that this Affair may be rendered more 
apparent by taking the Specific Gravities of theſe Liquors. 
(1.) When they are very Cold. (2.) When they are 
pretty warm.” And (3.) When they are very hot. For 


2 theſe ſeveral Caſes the Subject will diſcover a much 


lefs Denſity or Weight in equal Bulks, either by the 
Common or Hydroſtatic: Balance. But there is no Me- 
thod in this Caſe ſo accurate as examining the different 
Bulks and Gravities of Fluids by the Diviſions of Fa- 
renheit's Thermometer from the Degree of Cold in a 
freezing Mixture, to Heat of boiling Water, and tabu- 
lating the Obſervations. | IT 
24. And as in this, and. many other Caſes, it is ro- 
| ; v4 to be very exact in weighing Bodies, even be- 


nd what is attainable by the niceſt Mechaniſm of 


the Inſtrument itſelf, I ſhall here give the Reader an Ac- 
count of an Improvement of the Common Balance in 


x 


pijs ReſpeR, from the late learned Peng 6 
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Tas 4þ plicaiton of Hydroftatics to the ſe- 
veral Uſes of Life will be evident from the 


follow- 


jt will be the more pertinent in this Place, as it de ends 
on an hydroſtatic Principle. This Inſtrument erves 
equally for Exactneſs in common as in hydroſtatical 
Matters. 

25. The Figure of the Machine repreſents the Ba- 


lance in its hydroſtatic Uſe. I ſhall firſt deſcribe the 


Machine; then ſhew the new-contrived Artifice for 
Exactneſt; and laſtly, give an Inſtance of its univerſal 
Uſe. VC G is the Stand or Pillar fixed in the Table. 


PIXVII From the Top at A hangs, by two filken strings, the 


Fig. 2. 


Horizontal, Piece or Bar B B; from which is ſuſpended, 
by a Ring at :, the fine Beam of a Balance 1, which is 


kept from deſcending too low on either Side by the 
gente ſpringing Piece : xyz, fixed on the Supporter M. M. 


he Harne is annulated at o, to ſhew diſtinctly the 
Fate ee Poſition of the Examen by the ſmall pointed 
fixed above it. 

The Strings by which che Balance is ſuſpended 
1 over two Pulleys, one on each Side the Piece at 
A, go dovn to the Bottom on the other Side, and are 
hung over the Hook at v; which Hook, by Means of 
a Screw P, is moveable about 14 Inch backwards and 
forwards, and therefore the Balance may be raiſed or 

ed as much. But if a greater Elevation or Pe- 


— be required, the Sliding-Piece 8, which carries 
the Screw P, is readily moved to any Part of the {quare 


Braſs Rod VK, and Bed by Means of a Screw. 
27. The Motion of the Balance being thus provided 


for, the reſt of the Apparatus is as follows: HH is a 
- Small Table fixed upon a Piece D, under the Scales 4 


and e, and is moveable up and down in a long Slit in 


the Pillar above C, and faſtened at any Part with a 
Screw behind. At the Point in the Middle of the Bot- 
tom of each Scale is hung by a fine Hook a Braſs Wire 
ud, ac. Theſe paſs through two Holes , m, in the 
Table; and to the Wire ad is ſuſpended a curious cy- 
| 4indric Wire «+ 5, -perforated at each End for that — 


poſe. 


— 


/ v 


10 01 K. & eo 


2 


ſet to the Middle Point a 
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following Inſtances; having firſt pre- 
miſed, (what is found by Experiment) 
that a Cubic Foot of common Water weighs 
very 


poſe. This Wire r 5 is covered with Paper graduated 
1 equal Diviſions, and is about five Inches long. 

28. In the Corner of the Table at E is fixed a Braſs 
Tube, in which a round Wire 51 is ſo adapted as to 


move neither too hard nor too freely by its flat Head I. 
Upon the lower Part of this moves another Tube Q_ 


which has Friction enough to cauſe it to remain in any 
Poſition required; to this is fixed an Index I, movi 
horizontally when the Wire / is turned about, — 


therefore may be eably ſet to the graduated Wire rs. 


29. To the lower End of the Wire rs hangs a Weight 
L, and to that a Wire pn with a ſmall Braſs Ball g, 
about I of an Inch in Diameter. On the other Side, to 
the Wire ac hangs a large Glaſs Bubble R by a Horſe- 
Hair. Let us at preſent ſuppoſe the Weight L taken 
away, and the Wire pn ſuſpended from S; and on the 
other Side let the Bubble R be taken away, and the 
Weight F ſuſpended in its Room at c. This Weight F 


we ſuppoſe to be ſuch as will keep in Equilibrio with 


the ſeveral Parts appended to the other Scale, at the ſame 
Time that the Middle Point of the Ware pn is in the 
Surface of the Water in the Veſſel N. 5 
30. The Wire pn is to be of ſuch a Size, that the 
Length of one Inch ſhall weigh four Grains. Hence it 
is evident, ſince Braſs is eight Times heavier than Wa- 
ter, (ſee Art. 16.) that for every Inch the Wire ſinks 


in the Water, it will become half a Grain lighter, and 


half a Grain heavier for every Inch it riſes out of the 


Water: 8 by ſinking two Inches below the 
Middle Point, or riſing two Inches above it, the Wire 


will become one Grain lighter or heavier. INE 
31. And therefore, if when the Middle Point is at 
the Surface of the Water in e the Index T be 
of the graduated Wire rs, 
and the Diſtance on each Side ar and as contain 


1004equal Parts; then, when in weighing Bodies the 


Weight 
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very exactly 1000 .'Onnces | Averdupors, or 62 
Pounds and a half; which may be reduced 
Weight is defired to the hundredth Part of a Grain, it 


may eaſily be had by proceeding in the following Man- 
ner. Let the Body to be weighed be placed in the 


Scale d, and put the Weights in the Scale e; and let theſe 


be fo determined, that one Grain more ſhall be too 
much, and one Grain leſs too little. Then the Balance 
being gently moved up or down by the Screw P, till the 


Equilibrium be nicely ſhewn at o; and then if the In- 


dex T be at the Middle Point (a) of the Wire rs, it 
thews the Weights = into the Scale e are juſt equal to 
the Weight of the Body. | | 
32. But if the Index T ftand at any Part between a 
4 , it ſhews the Number of Grains in the Scale + 
were more than equal to the Weight of the Body in the 
Scale 4, becauſe the Wire pn is now made lighter by 
finking below the Middle Point. Thus, ſuppoſe the 
Weights put into the Scale e were 1095 Grains, and the 
Index T cuts the 36th Diviſion above a, it ſhews that 


| 26th hundredth Parts of a Grain are to be added, or that 
the Weight of the Body is 1095, 36 Grains. 


33. On the other Hand, had the Index ſtood at 6, 


the Divifion below a, it would have fhewn the Weights 


in the Scale e were more than equal to the Weight of 


the Body by 36 Hundredths of a Grain; and that there 
the Weight of the Body was 1094,64 Grains. By this 
Method we find the abſolute Weight of the Body; the 
relative Weight 1s found by weighing it hydroſtatically 


in Water as follows. 


36. Inſtead of putting the Body in the Scale d, as 
Peibre, let it be appended with the Weight F at the 
Hook c, by a Horſe-Hair as at R, ſuppoſing the Veſſel 
of Water O were away; then the Equilibrium being 
made, the Index T A between a and r, at 


the 36th Diviſion, ſhews the Weight of the Body 


1095, 36 Grains. As it thus hangs, let it be immerſed 
in the Water of the Veſſel O, and it will become lighter 


by mych; the Scale e will deſcend till the Beam of the 


Balance 


„ =" +. 


. 9 


4 8 


to Trey Weight, by conſidering, that the 


Averdupois Pound is to the Troy Pound as 17 


to 14, and the Auerdupois Ounce to the Troy © 


Ounce as 51 to 566. | 
Hence, to find the Nuantitiy of Preſſure 
againſi the Sluice'or Bank that pens the Ma- 
ter, we have this Rule: Multiply the Area 
of the Sluice under Water by the Depth of 
the Center of Gravity in Feet, and that Pro- 
duct again by 624; ihe Product will be the 


Number 'of Pounds required. Example; Ad- 


mit 


Balance reſts on the. Supporter z. Then ſup! ſe 100: 


Grains put into the Scale reſtored the Equilibrium pre- 
ciſely, ſo that the Index T did again point to the 36th. 
Diviſion above a“: It is plain the Weight of an equal 
Bulk of Water would in this Caſe be exactly 100 Grains. 
35. But if the 100 Grains in the Scale 4 cauſe it ta 
reponderate a little, then by turning the Screw P the 
* may be raiſed, till the Wire p » becoming heavier, 
reſtores the Equilibre. Let now the Index T cut the 
6th Diviſion above a; then 30 —6 = 3o, which ſhews. 
that the Wire pn is now w of a Grain heavier than 
before; therefore the Weight of the Water is only 99,7 
Grains: Whence its Gravity to that of the Body is as 
99,7 to 1095, 36; as required. 9 
36. After a like Manner may this Balance be applied 
to find the Specific Gravities of Fluids; which will not 


be difficult to thoſe who apprehend what has been al- 


ready ſaid. In Practice, it will be neceſſary to uſe great 


Precaution in every Particular; the Wire pn ſhould be 


oiled, and then — as clean as poſſible; enough will 
remain to prevent the Water adhering thereto : Alſo the 
Balance _ to be raiſed very gently, and when come 
to an Equilibrium ſhoyld be gently agitated, to ſee if 
it will come ſo again. FOES 
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away. Thus the Waters of the Sea or Ocean lving 
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mit the Length of the Sluite be 20 Feet, the 


Depth of Water 5; then; will the Area under 
= be 100 ſquate Feet; which multiplied: 
by 22, the Depth of the Center of Gravity, 
gives 250 cubic Feet; which again multiplied 
by 622, gives 3568 5 16, equal to 7 nn nearly 
(LXIV). | 

AGAIN : 7 the Weight f Bodies is ak 
ways. as the Specific Grauity in equal Bulks,. 
it follows, that, th: Numbers in the Table. 
do alſo expreſs the Number of Averdupois 


Ounces 


(LXIV) I. That the. Area under Water multiplied 
by the Depth of the Center of Gravity gives the Num- 
ber of ſolid Feet of Water preſſing againſt the Sluice, is 
evident from Arnot. LV. Art. 13, 14, 15, Sc. And 


| this Product is to be multiplied by 624, becauſe ſo 


many Pounds is the Weight of one ſolid or cubic Foot 
of Water. See Annat. LXII. Are. , IF 

2. This Example gives the Numbers which -I took 
from a Pen that was made. acroſs a River; and though 
It may ſeem wonderful that all the Water in the Riyer 
ſhould affect the Pen with no Force of Preſſure, yet this 
will be found conſiſtent with the Laws of the Action of 
Fluids, when that is underſtood which we have delivered 
in Annot. LVI. For the Water of the River does no 
otherwiſe influence the Pen, than as it ſuſtains a Plane 
of fluid Particles to a certain Height in immediate Con- 


tact with the Pen. This fingle Plane of Particles it is 


that gives all the Preſſure on the Pen; and they would 
do the ſame, could they be otherwiſe fy = againſt 
it, if all the reſt of the Water in the =» hes were taken 


againſt any Nam or Bank will preſs it with no greater. 
Force than the leaſt Quantity of Water ſtanding to the 
ſame Height, over the 2 Extent of the Dam, 


* 
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Ounces contained in a cubic Foot of each re- 


ſpective Sort of Matter therein-mentioned, 


Therefore, if the Magnitude of any Body be 
multiplied by the Specific Gravity, the Product 
will be its abſolute Weight. Thus, ſuppoſe I 
would know what Weight of Lead will cover 
a Church whoſe * 1s Jooon Feet, and 
the Thickneſs of the Lead TIT of a Foot: 
Then per Rule, (30000 K r ) 300 x 


11325 = 339750 Ounces, or 975 Tons; the 
Weight required. 


Anornzx uſeful Problem is, to find the 
Magnitnde of any Thing, when the Weight is 
known ; which is done by dividing the Weight 
by the Specific Gravity in the Table, the Quotient 
iu the Magnitude ſought; For Inſtance, What 
is the Magnitude of ſeveral Fragments of Coral 
whoſe Weight is 75 Ounces? Divide 7 10 ws 
Specific Gravity 2690, the  Qyotane MRS 
of a cubic Foot: then .?., x 1728 = 4. 
cubic Inches, very nearly the Magnitude re- 
quired. 

Aso, by knowing the Magnitude and Weight, 
we can find the Specific Gravity, by dividing the 
Weight by the Magnitude in cubic Feet. Thus 
ſuppoſe a Piece of Marble contain 4. cubic Feet, 

and weighs 6036. or 10800 Ounces; then 
424.2 = 2700, the Specific Gravity required, 
28 ber Table. 
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Having given the Specific Gravity of Gold 
to Silver as 19 to 11, aud ſuppoſe' any Com- 
pound thereof, as King Hiers's Crown, whoſe 
Specific Gravity is 16 to determine the Pro- 
portion and Weight of the Gold and Silver 
employed in i it, ſay, As the Difference 
of the Specific Gravities of the Compound and 
the lighter Ingredient, viz.) 5, is to the Dif- 
ference of the Specific Gravities of the heavier 
Ingredient and the Compound, viz. 3, ſo 1s the 
Bulk of Gold to that of Silver made uſe of. 
That 1s, if the whole Crown were divided in 
8 Parts, the Gold would conſift of 5, and 
the Silver of 3: Then the Magnitudes 5 
and 3, multiplied by the Specific Gravities 

19 and 11 ſeverally, "will give the Numbers 


95 and 33, which expreſs the Proportion of 
the Weight of the Gold £0 that of the Silver 
(XV). 


SINCE 


( LXV) -1. The Rules here given for ſolving the 
three firſt Problems are only thoſe Theorems expreſſed 
in Words which you find i -4 Annot. LVII. Art, 9, 10, 
11. But that which concerns the fourth, relating to 
nas. Hiero's Crown, I ſhall here demonſtrate as fol- 
owS— 

2. Let A and B be any two Wan of Matter, and a 
and 6b denote their 8 cle Gravities; the Compound 
made of thoſe two Hodies will be A + B; and let c 


be the Specific Gravity thereof. Then fince the abſo- 
lute Weight of a Body is equal to its Bulk multiplied 
by its Specific Gravity (See Aunot. LVII. Art. 10.) 
we {hall have Aa = Weight of the Body A, and Bb=. 


Weight 


— 
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SINCE Bodies of different Specific Gra- 
vities, equiponderating each other in Air, 
upon 
Weight of the Body B, and A + B x c Weight of 
the Compound. But Aa + BY =A+B xc=Ac. 
+ Bc; whence Aa—Ac = Bc—bB; conſequently A: 
B::c—b:a—e, which is the Rule above laid down 
where A is the Quantity of Gold, and B that of Silver, 
and Ag the Compoſition of Hierg's Crown. 
3. When King Hiro (ſuſpetingf the Workmen had 
allayed the Gold with more Silver than was neceſſary) 
ſent to Archimedes to examine into, and detect the Fraud, 
if there were any; this great Mathematician was long 
at a loſs to think of any Method of doing it ; till one 
Day getting into a Tub full of cold Water to bathe him- 
ſelf, he obſerved, that as he entered the Tub the Water 
ran out, and he immediately faw it muſt follow, that 
if the Tub were full, the Water which ran out upon his 
Immerſion, muſt be equal in Bulk to his Body. 4 
4. Hence the Philoſopher began thus to reaſon: If 
I immerſe the Crown in a Veſſel full of Water, it will 
1 as much as is equal to its Bulk. If after this 
immerſe the ſame Weight of pure Gold, and pure 
Silver, I ſhall get Bulks of Water equal to each; con- 
lequently having the Bulks of Gold, Silver, and Crown 
of equal Weight, I have the Specific Gravities, which 
muſt be as the Bulks inverſely. - Then I proceed to find 


the Ratio, or Proportion of Gold to the Silver in the 
Crown as follows. * 


5: Suppoſe AM LB be a Veſſel filled with Water pl. XVI 
to the Height DC, and that the Maſs of Gold equal Fig. 5. 


in Weight to the Crown, being immerſed into the 
Water, raiſes the Surface thereof to E; and after that, 
tlie Maſs of Silver of the ſame Weight immerſed raiſes 
the Surface to G; then if the Height of the Veſſel 
above C be divided into equal Parts, and DF it, 
and DG = 19; it is plain the Bulks of the Gold and 
Silver will be & D F to DG, and the Specific Gravi- 
ties as DG to NF. Laſtly. if the Crown be immerſed, 

r X it 


. 


* 
„* 


HY DRKOINTATIesS. 


upon being immerſed into Water, will 
have the Equilibrium immediately deſtroyed 2 


by 


it will raiſe the Surface to E, ſo that DE = 10. 
Whence the Proportion of the Bulks of the Gold and 
Silver m the Crown may be determined. 

6. For fince the Difference of Specific Gravities of 
the Gold and Silver is DG - DF g F GSS; it the 
Bulk of the Crown be divided into 8 equal Parts, it is 
| evident, that fince the Specific Gravities of the debaſed 
and pure Gold Crowns will be as the Bulk inverſely ; 
that is, as DF to DE, we can eaſily find the Point , 
which will expreſs the Specific Gravity of the former; 
for DE: DF: : DG: DH. Now the Point H al- 
ways divides the Difference FG into two Parts G H. 
HF, which have the ſame Proportion as the Parts of 
Silver in the Crown have to the Parts of Gold; for as 
the Point E aſcends, the Point H deſcends, and when 
E coincides with G, H falls upon E, and the Crown 
becomes all Silver; as on the contrary, when E de- 
ſcends to F, and H aſcends to G, the Crown becomes 
all Gold; therefore every where F H will be to HG as 

the Parts of Gold to the Parts of Silver in the Crown. 
7. Therefore, in the preſent Cafe, becauſe the Crown, 
ben immerſed, raiſes the Water to the Height D E, 
> and H is three Diviſions below G, it ſhews that 3 of the 
8 Parts of the Crown are Silver, and conſequently the 
other 5 Parts are Gold, asH is 5 of the Divitions above 
. Hence the Bulk of Gold in the Crown is to that of 
the Silver as 5 to 3, as before determined. That Ar- 
chimedes took ſome Method like this is certain; and it 
is ſaid, he offered to Jupiter a Hecatomb of Oren for 


33 . him with the Thought. 
| . To the Problems in the Lecture, I ſhall add the 
following. Let there be two Bodies A and B, one 
heavier, the other lighter than Water; let their Spe- 

_ cific Gravities be à and h, and let the Weight of A be 
given, and denoted by W; and let it be required to 
find what Weight (w) of the lighter Body B muſt be 


connected with the heavier, that ſo the Compound ſhall 


have the {ame Specific Gravity with Water. Now be- 
85 18 | cauſe 


0 
1 
| 
„ 
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= Rs by the greateſt Reſiſtance of the Fluid, and 
conſequently the greater Loſs of Weight in 
the 


cauſe A = kd and B 2, therefore A + B = * + 


I 
& _Wb. 3 | 
FE = Bulk of Wer, which multiplied by 


its Specific Gravity (c) gives the Weight of Water 
W be + wac 


— =W +w=the Weight of both the Bodies: 
Whence we have W 5 : + wac=Wab + 20 4 5 
and fo Whe—Wab=wab—wac; conſequently 
W6bc—W ab W b—W ab 


=w; orif c=1, then we have — 
8 ab—a . 


ab—ac 


b—ab | * 
* — „ W == Weight of the Body B required. 


9. For Example; ſuppoſe the Specific Gravity of a 
Man's Body, Water, and Qork be as 10, 9, 2h; then 
a=10, c=, and b=2;;,let W= I roll. = Weight of 

| | Wab—W6 

the Man's Body ; then will —— — 
therefore if ſuch a Man were to take 5. of Cork with 
him into the Water, he would be of the fame Specific 
Gravity of the Water, and ever ſo little more would make 
it impoſſible for him to ſink ; whence the Art of learning 
to ſwim night by this Problem be greatly facilitated. 
-— 30-7 £0 find the Weight of a Globe of Hater one Inch 
in Diameter. We ſhall here chuſe Troy Weight, where 
one Cubic Foot weighs 7616. ; and therefore one Cubic 

| 7 © Bound os 10812 X20X24 
of a pund, 12 X12 X12 


== 5; 


Inch weighs | 
W 9 


Grains, that is, 2 or _ Grains: But in Geo= 
metry we prove the Cube is to its inſcribed Sphere as 1 

* 6 : 
to O, 524; ther efore as 1 : 0,524 27 8 132 Grains = 


he Weight of a Globe of Water one Inch Diameter. 


—— — 
* 


* 
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the lighteſt” and moſt bulky Body; there- 


fore it follows, that in buying Gold, which 
WOE, | | is 


3. |. To find the Diameter of n Globe by weighing it 
by 


droftatically. Let it firſt be weighed in Air, and then 
3n * a Difference of thoſe: Weights will be 
the Weight of an equal Bulk or Globe of Water, which 


call W; now the Weights, of homogeneous Bodies are 


as the Bulks, which (in Spheres) are as the Cubes of 
their Diameters. But the Weight of a Globe of Wa- 
ter 1 Inch in Diameter is 132 Grains (by Art. 19.) 
Therefore We ſay, As a 1 ; 2 W 2 * - D3; whe, 
W = D, conſequently 5 Po = 5 — Diameter of 
132 5 . =: —_—_ b 
the Glohe required. 3 | 5 

12. To find the ſolid Content in Gubic Inches of any ir- 
regular Body. Let W = Difference of its Weight in 


Water and Air = Weight of an equal Bulk of Water. 


Then as the Weight of a Cubic Inch of Water _ : W 


* ; 

(11.2 3 x W = ſolid Content of the Body required. 
13. Te find the Proportion of Magnitude between any 
tos Bodies propoſed. Let each be weighed in Air and 
Water, and the Loſſes of Weight they each ſuſtain will 
be the Weights of two Bulks of Water, and equal to 
thoſe Bodies refpeCtivelyy and conſequently will expreſs 


the Ratio of the Magnitudes of thoſe Bodies. 


 SCHOLIUM. 
14. The Excellency of this Hydroſtatic Method, 


| above all others, appears from hence, that it is univer- 


ial, and equally adapted to all Sorts and Shapes of Bo- 
= dies, which common Geometry is not. How would it 


7 a Geometrician to exhibit the juſt Dimenſions or 
ulk of a Fiſh, for Inſtance? How does the aukward 


Figure of his Body, the Appendage of Fins and Tail, 


elude the Principles of his Art? Whilſt the Philoſopher 
immediately, and without any Trouble, gives the An- 


ſwer by his Hydroſtatic Balante. Again, were a Geo- 


meter 


* 
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—— — wy — — — 


is heavier than Braſs, we ſhould chuſe the 
| lighteſt Air, i. e. when the Mercury in the 
Barometer ſtands Igyveſt; but in buying pre- 
cious Stones, Pearls, &c. which are lighter than 
Braſs, the beſt Time to do it in is en the Air 
is heavieſt and moſt buoyant, viz. when the 
Quickſilver ſtands higheſt in the Barometer: ; 
But. in ſe/ling. Gold or Jewels, the contrary k 


* 
2 


— —U— — —_ rw. 


% 
= —— — — 
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B = — 


Res are to be obſer ggg regard to the Gra- 
vity of the Ar ( T | 


Allee t a Acc = 
— ä — 
— 13 — 


Oc 


IE - 3 | 9 

2 . 2 1 Lid 

meter aſſed, which egen, 4 Guinea or @ Shilling, j 
and what the DiffeMce ? He would find it vain ta ql 
conſult his Art, and muſt borrow his Aid and Anſwer "1 
il 


from this moft_ uſeful Science, which excels-equally in 
Accur acy as Univer fality. F 8 =; J "Yo 
(LXVI) 1. Since a Cubic Inch of Gold weighs 
10, % Ounces of Troy, and a Cubic Inch 6f Air + of a 
Grain, when the Air is of a mean Gravity; if we ſay, 
As 10, 36: :: 12: * —— the Parts of a Grain which 
12 Ounces or a Pound of Gold will loſe when the Air 
is in a mean State. Now ſince the Air, when it ſupports 
a Column of Mercury 28 Inches high, is lighter by 
one-tenth Part than what it ſuſtains a Column of 30 
PIN. e 
Inches Height therefore = + 8 2s © 
Parts of a Grain which ſo much Air weighs when 

heavieſt, as is equal in Bulk to a Pound of Gold; and 4 

1105704 


twice the Quantity, viz. =. = the Weight of Air 


equal in Bulk to two Pounds of Gold. But this 1s a 
little leſs than one Grain; let us ſuppoſe it one Grain. 
2. Then two Pounds of Gold will loſe of its Weight 
one Grain; and fince Gold 1 twice as heavy as Braſs * WER 
, | | N a 3 7 1 
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Once more: Since the Goodneſs of Mine- 
ral Waters, Drugs, Metals, precious Stones, 
&c. ts beſt ſhewn by their Specific Gravity, it 


will at once appear of hat vaſt Importance 
the Hydyoſtatic Balance is, and how abſo- 


lutely neceſſary in the Hands of every judi- 


cious Dealer in any ſuch Kind of Commodities 


(LXVII), (XVII. 


it 1s weighed againſt, the Braſs Weights will have twice 
the Bulx, and will there loſe two Grains of its abſolute 
Weight. If an Equilibrium be now made, when the 
Air is lighteſt, or leſs by one-tenth of its former 
Weight, the Gold will loſe one-tenth of a Grain, and 
the Braſs will loſe two-tenths of a Grain; conſequently 
the Buyer will get one-tenth of a Grain of Gold in this 


aſt State of the Air, more than he would have had in 
the former, or heavieſt State; becauſe now one-tenth 


of a Grain more muſt be added to the Braſs to make an 
Equilibrium. And this in Value is the fifth Part of 
a Penny, reckoning Gold at Two-pence per Grain; or 
one Part in 115200. 1 | 

3. vince the Specific Gravity of a Diamond is to that 
of the Braſs Weights as 1 to 3, if we make an Equi- 
Iibrium between the two Pounds of Braſs and Diamond, 
when the Brafs loſes two-tenths of a Grain, the Dia- 
mond will loſe fix-tenths of a Grain; conſequent! 

four-tenths of a Grain muſt be ſubdued from the Braſs 
for an Equilibrium in the lighteſt State of the Air, and 


ſo much the Buyer will loſe of a Diamond more than 


when the Air is heavieſt of all; which is about one 
Part in 28800 of the Whole. Whence it appears, that 
a Regard to the State of the Air is a Matter of more 
Curioſity than Importance, the Advantage being ſo very 


inconſiderable in either Cafe. 


(LXVII) 1. How great the Uſefulneſs and Impor- 
tance of Hydroſtatic Knowledge is to Phy/ic:ans, Chemiſts, 
Apothecaries, Jewellers, Goldſmiths, &c. will appear by 
reading Mr. Boyle's excellent Medicina Hydreflatica ; in 


which 


a, * 
4 EY 5 1 — 
OY b 
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which Book the ſkilful, Author propoſes the following 
Uſes to be made of Hydroſtatic Knowledge, viz. © 


2. Firſt, To explore the Nature and Difference of 
Foflils by finding their Specific Gravities.. For fince the 


moſt pure and homogeneous Kind of Stones are in Gra- 


vity to Water as about 21 to 1; and Tin, the lighteſt 
of Metals, is to Water in Gravity as about 7 to 1; if a 
ſtony , Subſtance be found to have a greater Proportion 

Gravity than that of 21 to 1, it muſt be probable that 

has in it ſome adventitious Matter of a metalline Nature, 
or is at leaſt, commixed with fome mineral Body more 
heavy than pure Stone, and may therefore very probably 
be uſefully applied to ſome medicinal Purpoſes. For 
Inſtance of this Kind, he mentions Lapis Hæmatites or 
Blood-ſtone, Lapis Laxuli, the Load-ſtone, and Lapis 
Calaminaris; all which have their Uſes in Phyſic. 

3. Secondly, He propoſes this Method as very certain 
to determine whether a Body, ſuppoſed to be a Stone of 
the mineral Kind, be ſo indeed. Thus Coral, which, 
ſays he, ſome take to be a Plant, and others à Litho« 
dendron, but moſt reckon it ampng precious Stones, i 
in Gravity to Water as 2,68 to 1, which favours the laſt 
Opinion. Thus a Calculus humanus and a Bexgar were 
folind as 1,7 and 1,5 to 1, and therefore too light to be 
of the ſame Species with common Stone. N 

4. A Third Uſe which he propoſes is to diſcover the 
Reſemblance Difference between Bodies of the ſame 
Denomination, and thergby to colle& and. aſcertain the 
ſeveral Degrees of Goodneſs reſpeQively. Whence he 
argues the Neceſſity of this Sort of Knowledge to Phy- 
ſicians, Chemiſts, Apothecaries, Druggiſts ; to the Gold- 
ſmith, the Merchant, the Miner, Sr. | 

5. A Faurth Uſe is to diſcern genuine Stones from 
counterfeit ones, which may be of great Help to Jewel- 
lers. Here he gives Inſtances of factitious Coral and 
factitious Gems, and a Bezoar, which he found out that 
Way not to be genuine, though a great Price was ſet on 
the latter. 

6. Hence Mercury is found to have a different Gra- 
vity, being. ſometimgs but 133, and ſometimes above 
14 Times heavier than Water; and hence a notable 
Nifference may ariſe in two Weather-glaſſes at the 

5 | 14 {ame 
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ſame Time, and in the fame Place, even to a whole Inch 
from the different Gravity of the Mercury in one and 

the other. Therefore thoſe who publiſh Regiſters of - 
the- Weather ought to find out and declare to the World 
the Specific Gravity of the Quickfilver they uſe in their 
Barometers. e a 

7. Theſe Uſes he enumerates over and above what 
pe have taken Notice of, of a Mechanical and Geome- 
trical Nature: And to let us know the high Value he 


_ » had} for this Science, he thus exprefles himſelf: Ag 


little Skill as I have in Hydroſtatics, I would not 
be debarred from th Uſe of them for a confiderable 
„% Sum; of Money, it having already done me accep- 
* table Service, and on far more Occaſions than I my: 
« ſelf firſt airy wary in the Examen of Metals 
** and. mineral Bodies, and of ſeveral mineral Produc- 
« tions,” With much more to the fame Purport. 
- (LXVI8) 1. To render this Lecture on Hydre/tatics 
more compleat, I ſhall here ſubjoin what relates to the 
Refiſtance of Mediums, or to the Motion of Bodies 
moving in a reſiſting Medium; and to determine rightly 
zn this Caſe, I ſhall conſider every particular Circum- 
Kance by itſelf, cæteris paribus, and then repreſent the 
Whole connected together. We ſhall ſuppoſe the Caſe 
of a Globe moving in a. Fluid of an uniform Denſity for a 
given Time. (4 
2. Firſt, let the ſame Globe move with the ſame Ve- 
Jocity, firſt in a denſer Fluid, and afterWards in a rarer; 
then it js plain, the denſer the Fluid is, the mote Par- 
gicles the Globe will meet with, and ſtrike in a given 
Time; and therefore the greater will be the Re- action 
or Reſiſtance of the Fluid: Therefore in this Caſe the 
Reſiſtance o the two Fluids will be as their Denſities. 
3. In the next Place, ſuppoſe two different Globes, 
of the ſame Quantity of Matter, to move in the ſame 
Fluid with the ſame Velocity. As theſe Globes move, 
it is evident the Number of Particles they meet and 
ſtrike, and therefore by which they are reſiſted, will be 
as their Surfaces, or rather as their Half-Surfaces ; and 
they are as the Squares of their Diameters : Con lequently, 
| e DO . 
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the Refi gene which: theſe Globes bao t with will by at thy 
quares g their Diameters. | 

4. Laſtly, Let the ſame Globe move in the fins Fluid 
with different Velocities. Now it is eaſy to conceive, 
that if one Globe moves with a Velocity double to that 
of the other, it will ſtrike twiee the Number of Parti- 
cles in the ſame Time, and its Reſiſtance will be twice 
as great on that account. Again: The Globe which 
moves with a double Veloęity will ſtrike each we 
with a Force twice as great as the other does with half 
the Velocity; the Re- action therefore of the Particles 
on the former will be twice as great as upon the latter. 
Therefore the Reſiſtance to the Globe moving with the 
double Velocity will be four Times as =_ And fince 
this will be the Caſe univerſally, the Refiſtance to a mov- 
ing Body is as the Square of its Velocity. 

5. Now = tting all theſe Caſes together, the Reſiſt- 
a to a Globe moving uniformly in an uniform Fluid 
will be in. the compound Ratios of the Denſity of the 
eee the Square of the Diameter, and the. Square 

— Velocity. So that if A and B are two Globes, 

hoſe Diameters are O and d, arid Velocities V and v, 
ee in Mediums whoſe Denſiits are N and u then 
bs, 1 A Refiſtance of the Globe A be to that of B, as. N 
xD* x V* ton xd xο. 

6. In this Computation we have oo ſidered only that 
Refi ſtance which ariſes from the Reaction of Matter by 
its Vis Inertie But there! is ſome ſmall Reſiſtance ariſin 
to Bodies moving in à Fluid from two other Cauſes, 
v. one from the Friction of the Body againſt the Parts 
of the Fluid as it moves, the other from the Tenacity 
of the Particles of the Fluid, which ariſes from their 
Attraction of Coheſion. But both _ are veꝶy {mall 
when compared with the other, - and quite inconfider- 
able to Bodies moving with any conſiderable Swiftneſs. 
The Reſiſtance peculiar to Air, ariſing from its Elaſti- 
city, will be conſidered in another Place, 

„In the above Caſes we have ſuppoſed the Bodies 
moving in the Fluid to be homogeneal, or of the ſame 
Matter and Denſity; but if they are heterogeneal, or 
of different Denſities, then will the Refiſtnace be fur- 
ther variable; for it will be inverſely as the Denfities + 
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or Quantities of Matter which the Bodies contain; be- 


caufe the greater the Quantity of Matter, the greater 


"be the Momentum of the moving Body, and the leſs 
the Reſiſtance of the Medium compared therewith, and 


fo will be the more eafily overcome by it. Hence, if 


the two Globes mentioned in Art. 3. have not equal 
Quantities of Matter, (as is there ſuppoſed) the Reſiſt- 
ance will be as their Surfaces directly, and inverſely as 
the Quantitics of Matter ; that is, as D* x Bo d *. 


or as Nto-, or as & to D. That is, the Refſlanc: to 


Globes of unequal Diameters and Quantities of Matter will 
be (ceteris paribus). inverſely as their Diameters. 

8. Since a Body moving in a reſiſting Medium muſt 
every Moment have its Momentum or Quantity of Mo- 
tion (Q=MV) abated or diminiſhed by the Re- action 
of the Fluid; and ſince in a given Time this Loſs or 
Decrement of Motion is always as the Re- action, that is, 
as the Reſiſtance (R) of the Fluid: But the momentary 
Increaſe or Decreaſe of Motion is as its Fluxion Q or 


VM. . Wherefore the Refiſtance of the Fluid for any 
equal Parts of Time will be R=Q=VM; or when the 
Maſs of Matter M is given, we have R=Q=V. 


9. But when the Moments of Time are not given, 
that is, not equal, the Reſiſtance R will be as the Decre: 


ment of Motion G directly, and the Moment or Fluxion 


of the Time ( T) inverſely: for twice the Reſiſtance will 


deftroy the ſame Quantity of the Motion in half the 
Time, and three Times the Reſiſtance will deſtroy it in 


ancathird: of the Time. Therefore R = 2 =) = 
conſequently, when the Maſs M is given, we have R= 
=; that is, the Reſiſtance is directly as the Fluxion or 
momentaneous Decrement of the Velocity, and inverſely 
as the Fluxion of the Time. | 

10. We have before ſhewn, (Arnot. XXI. Art. 5.) 


Mat in uniform Motions the Velocity is as the Space 1 
| red 15 


ax.” o 


eee 
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refthy, and the Ti ime inverſely, or V S ; and becaufe in 


every Kind of Motion, whether in Vacuo or in any Sort 
of reſiſting Medium, the momentaneous Velocity may 
be ch nfidꝭred as equable or uniform, or proportional to 
the Space deſcribed each Moment of Time; and there- 
S * 
fore V = = 7 and ſo VT =5, and T = SY and taking 
the 4 we ſhall have the Sum of all the Reftangles 
VNR I deſcribed, an the Sum of all = : 


Qgotients J „ran Time. 


11. Therefore if the Curve B PC be ſo Jeſeribed i that 
its Ordinates MP, mp. (perpendicular toithe Axis AD) 
expound: the Velocity „ and the Abſciſſe eve om _ Pl. XVI. 
fix d Point A) A M, A m, the Time I; the ndi- Fig. 6. 
cular A B being ereQed in the Point A, and — 


the Curve in B; the Area A BPM will expreſs the — 
S deſcribed in the Tune T. Let mp be. infinitely near 


to M P, then will Mm = T3 + ag the F rn of 
the Are ABPM will be the Areola MP pm =V T'=S. 

. In like PR, if the Abſciſs A M expounds the 
4 deſcribed = 8, and the Ordinate 7 P be as the 


Velocity inverſely, that is, if MP be as , the Area 


ABPM will expound the Time T in wich AM is 
deſcribed ; for the Fluxion of the Time being T= 
4 S x & = Mm,x MP, the Sum of all theſe Flux» 
—— Areolas MP zm will be the Area ABPM ex- | 
preſſing the Lime. 

13. "Becauſe when the Maſs 5 Matter in the moving 


Body is given, we bare R == (Art. 9.); therefore 


RT=V, or the Fluxionary Decrement of Velocity is as 
the Reſiſtance and the Fluxion of the Time conjointly. But 
the Fluxionary Increment of the Space will be as the Veloci- 
7 * its Fluxionary Decrement dire ly; and the Res 


Hane 


316 


HY DROSTA TTS. 
TY 96 $5344 The. V x'V 2 f 
Aance inverſely, that is, 5 = _— for as above T 


* 


5 
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* * 


14. Hence 2 


Volocity and its Fluxionary Decrement Freatl, and the 
Fluxion of the Space inverſely. Alſo RSS VX V; 


that is, the Velocity multiplied by its Fluxionary Decrement * 
3s as the Reſiſtance and Fluxionary Increment of the Space 


conjointly. BEeauſe the Velocity has been hitherta con- 


ſider'd as decreaſing, it ought to have the Fluxion V 
expreſs'd negatively in the above Equations; that is, 
RT=—V, and RS=—V xV. | 

15. We have alſo hitherto confider'd the Refiſtance 
R as comprehending all that retards the Motion of the 
Body in the Medium. But this retarding Power may 
ariſe from different Principles, as the Denſity of the 


Medium, or its particular Reſiſtance ; and alſo from a 
centripetal Force, as that of Gravity: Thus a Stone 


#hrown upwards is retarded by the Reſiſtance of the Air, 
and Power of Gravity. Let the centripetal Force be C, 
the Reſiſtance of the Medium R; then will R=C+R 
when theſe Forces conſpire, and R C - R when they 
act contrarily. | 

16, Thus in the Motion of an aſcending Body, 
where R =C + R, we have RT=CT+RT=— 
V; and CS$S+RS=—VxV. But in the Deſcent 
of the Body, where the centripetal Force C is greater 
than that of the Reſiſtance, we have C—R ; and then 
the above Theorems will be CT—RT=V, and C'S 
+ RS = VxV ; for now the Velocity is increaſing 
and its Fluxion poſitive. But if the central Force be leſs 
than the Reſiſtance, we have R „ ; then it Will be 
RT CT Sg -V, and RS—CS=—VxvV. 

17. If in theſe Theorems we ſuppoſe R=o, they will 
be changed into others, by which the Motion of Bodies 
in non - reſiſting Mediums may be determined. Thus 


V- ; $7 , . | 
, or the Reſiſtance is as the 


HYDROSTATICS, 317 


for the Aſcent they will be CT ER, and CS =" - 
Vx V; and for the Deſcent CT=V, and CS 
V x V. And thus the Motion of a Body in a refiſt- 
ing Medium may be compared with the Motions of 
the ſame Body in a non-refiſting Medium, or in Yacuo. 
18. If the Reſiſtance. be equal to the central Force, 
that is, if R=C, then in deſcending Bodies we have 
CT—RT=V =s; conſequently, as the Fluxion of 
the Velocity is equal to Nothing, the Velocity can nei- 
ther increaſe nor decreaſe, but 1s in that Caſe uniform 
or equable. N 5 | 
19. Since, till this happens, the Velocity is continu- 
ally increaſing, {becauſe its Fluxion V is always as C 
R for any given Time) therefore when Cg R, or V 
= o, the Velocity of the deſcending Body is a Maxi- 
mum, or the greateſt poſſible : But this Velocity Bodies 
deſcending in a Fluid, though they conſtantly approach 
to it, will never attain; as will be ſeen in the Sequel ©” 
hereof. | | 
20. In order to eſtimate the Velocity, the Time, 
and the Space deſcribed by Bodies falling in an uniform 
Fluid, ſuch as Waters, whoſe Parts have no conſider- 
able Tenacity, and where the Retardation- of the Body 
is the Effect only of the Reſiſtance it meets with from 
the Vis Inertia or Re- action of the Fluid; it will be 
neceſſary firſt to obſerve, that when ny Body moves in 
a Fluid with a given Velocity, the Re-action of the Fluid 
upon the Body is the very fame as its Action upon it 
would be, were the Body to be at Reſt in the Fluid 
moving againſt it with the ſame Velocity: Becauſe the 
Magnitude of the Stroke is always as the relative Velo- 
city, which is here the ſame in both Caſes. (See Annot. * 
XXIII. 8.) | | | 
21. Alſo that a circular Plane, a Cylinder, a Globe, Plate 
a Spheroid, a Cone, c. whoſe Breadth is the XVIII. 
ſame, and againſt which the Fluid moves in a per- Fig. 6. 
endicular Direction, are equally acted upon by the 
luid; or, if they move in the Fluid, are equally 
refiſted by it. For let PQ be the Diameter of 
any of thoſe Bodies placed in a Canal EETS, 9 5 
9 


which the Water flows from the large Veſſel ABC 
into another below fill'd with ſtagnant Water, touching 
| the 
/ * 1 0 
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the Bottom off the former C D. Then ſince the Capa« 
city of the Canal is alike ſtraiten'd or diminiſh'd by each 
of thoſe Bodies, it is plain the Fluid flowing through it 


_ muſt ſuffer the ſame Retardation from all of them, and 


therefore muſt act alike upon each; conſequently, were 
the Fluid at reſt, and thoſe Bodies moving through it; 
they would all be 2 retarded. | 

22. It muſt be farther obſerved, that all Reſiſtance 
arifing from the Aﬀperity of the Surfaces of Bodies, is 
not here conſider d; alſo it is ſuppoſed, that the Fluid is 
contiguous, infinitely compreſs'd, and whoſe Parts have 
no Elaſticity, Tenacity, nor Friction; and then the 
Caſe will be very nearly the ſame with very deep Water. 

23. Now Sir {/aac Newton has ſhewn, that if the 
Veſſel ABCD be indefinitely large or wide, the Velocity 
of the Fluid in the annular Space about the circular 
Plane PO will be equal to that which a Body acquires 
in falling through the Height G H; becauſe it would 
be ſo, were the MW. PQ placed in the Orifice E F, 
the Motion of the Fluid through the Canal being uni- 
form, and not accelerated by Reaſon of the ſtagnant 
Water beneath. . | 

24. He farther ſhews, that if this Plane were placed 


in the Orifice E F at the Bottom of the Veſſel, as at p, g. 


it would ſuſtain a Portion of the deſcending Fluid, ot 


Cataract AEFB, like to that repreſented by p H 4, which 


is leſs than two-thirds of a Cylinder of the ſame Baſe p 4, 


and Altitude G H, but greater than one- third Part tliere- 


of: And that therefore it is nearly an Arithmetical Mean 
between them, or equal to half of the ſaid Cylinder. 
25. This is upon Suppoſition that the Plane p is 
exceeding ſmall; but if it be augmented till it becomes 
ual to the Hole E F, it will then fuſtain the Weight 
of the perpendicular Column of Water over it, that is, 
it will fuſtain tlie Weight of a Cylinder of Water of the 
ſame Baſe and Altitude G H: And that therefore in all 


other Caſes the Weight which the Plane p q ſuſtains is 


to the Weight of a Cylinder of Water, whoſe Baſe is. 
equal to the Plane and Altitude IG H, as EF“ to EF“ 


R od. 


20. The Reſiſtance (R) therefore to the Plane 54 
moving in the Orifice E F, and conſequently - — 
; Pk . | ane 
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Plane PQ, moving in the Canal, will be in all Dimen- 
ſions of the Canal and Plane compared with the Weight 

(W) of a Column of Water whoſe Baſe is equal to the 
Plane, and Altitude 5 G H, as the Area of the tranſverſe 
Section of the Canal to the Exceſs of this Agea above 

half the Area of the Plane; that is, R: W:: EE: 

E F*—3PQ?, 2 

27. Let now the Orifices of the Canal E F and S T be 
cloſed up, and let the Plane PQ aſcend in the Fluid 
compreſs d on every Side; and in its Aſcent let it oblige 

the ſuperior Fluid to deſcend by the annular Space be- 
tween it and the Canal; then will the Velocity (V) of 

the aſcending Plane be to the Velocity (v) of the de- 
ſcending Water, as E F'-PQ?* to PQ; that is, V: v:: 
EF. — P Q: PO; whence V: VTV: : E F- 
PG 1 . 

28. But ſince the Motion of the Water is contrary to 
that of the Plane, the relative Velocity, with which they 
act on each other, is the Sum of both, viz, as V. 
(See Aunot. XXIII.) Now let this relative Velocity be 
equal to that with which the Water before deſcended in 
the annular Space by the Plane PQ at Reſt, as in Art. 
23.) viz. that which is acquired by falling through 
GH. Then will the Action of the Water upon the 
Plane be the ſame as before at Reſt, and conſequently. . 
we have here alſo R: W:: EF“: EF*—3PQ7*; and 
( VTog) v:: EF — PQ: EF*. 

29. If now we ſuppoſe the Canal to be augmented 
in Width ad infinitum, PQ will then be infinitely ſmall 
in reſpect of EF; whence PO and ZPO will vaniſh 
in the Terms of the above Ratios, which will then be- 
come equal; and ſo R=W, and V=v. That is, the 
Reſiſtance of the Plane will now become equal to the Weight 
of a Cylinder of Water, whoſe Baſe is equal to that of the 

lane, and Altitude 4 GH: Alſo, the Velocity bf the Pla 
is equal to that which ſuch a Cylinder would acquire by falls 

ing through the Height GH. | | 
30. Let A = Area of the Plane PQ, then will 48 H 
'F * A = the Cylinder of Water, whoſe Weight W. ig 
equal to the Reſiſtance R of the Plane. But the Cylin- 
der + GH x A, moving with the ſame Velocity V of 
the Plane, will have the ſame Reſiſtance. The Space 


through 
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through which it muſt deſcend to acquire that Velocity 
is twice its Length, vis. G H; and with that Velocity, 


by an uniform Motion, it would paſs over a Space equal 


to 2 GH=4 Times its Length 4G H. Wherefore the 
Reſiſtance N Cylinder is equal to the Force (or Weight 
W) I which (in falling freely) a Motion equal to that of 


the Cylinder may he generated, (in 4% the Velocity V) © 


in the Time in which een Cylinder will deſcribe a Space 
equal to four Times * ngth. 


31. Then becauſe the Motion M. of the Cylinder is 


as its Length L, its Baſe Ay its Denſity D, and its Ve- 


locity V, that is, M: LX AN DXV; (fee Annot. LVII. 


8.) therefore when (as in this Caſe) the Quantities A, 


D, V, are given, we have M: L; and ſince the Time 
T (in which the Motion M is generated, or 4 L is de- 
ſcribed) is alſo as L, therefore both M and T will vary 
with I-equally, and conſequently will be proportional 
to each gther. But the Force which generates Quan- 
tities of Motion proportional to the Time is in itſelf 
conſtant and immutable, and ts therefore equal to the 


"Reſiſtance of the Cylinder, which alfo remains unchang- 


ed under all Degrees of Motion: 
32. If the Denſity D of the Cylinder be variable, ſo 


will the Quantity of Motion M be likewiſe, and alſo the 


Force W, by which an equal Quantity of Motion in 
the ſame Time may be generated or deſtroyed. There- 
fore, let d = Denſity of a Cylinder of Water, D = Den- 
fity of a Cylinder of Lead of the ſame Baſe, 26 Force 
which would generate the Motion of the Cylinder of 
Water in the Time it would deſcribe four Times its 
Length, and W the Force that would generate the Mo- 
tion of the Cylinder of Lead in the ſame Time : Then 
d:D::w:W. But we have ſhewnw =R, the Re- 
ſiſtance of each Cylinder: Conſequently, R: W_::4: 
D, that is, the Refi/tance of a Cylinder of Lead is to the 


Force which will generate its whole Motion while it deſcribes 


Fur Times its Length, as the Denſity of Water to the Den- 
| ſity of Lead. | 


33. Hence, ſince the Reſiſtance of a Globe and Cy- 
linder moving in a Fluid is the ſame, and ſince a Globe 
is two-thirds of its circumſcribing Cylinder, the Force 
b generate or deſtroy the whole Motion of the 
Cylinder while it moves over 4 Times its Length, will 
generate or deſtroy the whole Motion of the — 

| while 
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while it moves uniformly through two-thirds of 4 Di- 
ameters, or of its Diameter. 

34. From what has been ſaid, if the Velocity of a 
Globe or Cylinder moving in Water be known, and alſo 
its Diameter; then the Reſiſtance it meets with from 
the Fluid, while it moves uniformly through, is known 
alſo. Thus let its Velocity V = 16 Feet per Second, 
and its Diameter three Inches. Then a Body falling 
through the Space of 4 Feet acquires that Velocity, (ſee 
Annot. LXXV, 6.) whence GH =4, and GH = 2 
Feet, the Length of a Column of Water, whoſe Baſe 
being 3 Inches in Diameter will weigh about 616. and 
is equal to the Refiſtance of the Globe. 

35. Hence alſo it is eaſy to find the Height from 
which if the Globe falls in Yacuo it ſhall acquire the 
Velocity which ſhall be the greateſt it can poſlibly ac- 
quire by deſcending in the Fluid by the Force of its re- 
lative Weight. Which Height will be to 4 Parts of its 
1 as the Denſity of the Globe to the Denſity of the 

luid. | 
36. For, let R = Reſiſtance, D = Denſity of the 


Globe, d = that of the Fluid, and F = Force which 


will generate the Motion of the Globe in the Time it 
moves over 4 D, where D = the Diameter of the Globe; 
then we have R: F:: 4: D (in Art. 33.) whence F = 
DR 


＋ Now let 2 8 = Space which the Globe deſcribes 


uniformly in the Time of the Fall, and with the Velo- 
city acquired thereby. , Then will 2 8:5 D:: D: 
(per Art. 32.) : S 4 D. But T and et, the Times 


in which uniform Spaces are deſcribed, are as thoſe 


Spaces, viz. T :t::2S:4D; whence T: :: D: d. 


Again, fince.in the Times T and : equal Quantities of 


Motion are produced, viz, the whole Motion of the 
Globe ; for F roduces that Motion in the Time t, and 
in the Time Fir is produced by the Force or Relative 
Weight of the Globe, which call P. Then, ſince the 
greater the Time is, the leſs will be the Force acting 
uniformly to produce a given Effect, we have F: P:; 


_F D-RIF 
T: t; hence F: P:: D: d; and fo F.=— 


whence P=R, that is, the Reſiſtance being equal to the 


Weight of the Body, it can be no longer accelerated. 
Vor. I. A 


r 
— — — — — 
2 © -Xx; — m 
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37. As Sir Iſaac Newton was the Author of this 
Theory, ſo he inſtituted a Series of Experiments to con- 
firm the ſame, for which Reaſon, as well as to exem- 
plify the foregoing Method of Computation, I ſhall 
here repeat ſome of the Principal, made with Globes of 
Wax and Lead included, let fall in Water through the 
Depth 112 Inches. His firſt Experiment was with a 
Globe i Parts of an Inch Diameter = D, whoſe 
Weight in Vacuo was 15634 Grains, and in Water 77 
Grains, therefore 1564+ — 77 = 7943 Grains = the 
Weight of an equal Bulk of Water. Wherefore 4: D 
: 37958 : 15633 ::2 D(=2,24597 Inches): 284, 4256 
Inches; and ſo $ = 22128 Inches. | 
38. The Globe falling in Vacuo, with its whole Weight 
of 15634 Grains, will in one Second of Time deſcribe 
1933 Inches. And by its relative Weight of 7943 Grains 
in Water, it would in the ſame Time by falling in YVacuy 
deſcribe 95, 219 Inches. For the Spaces deſcribed in 
the ſame Time will be as the accelerating Forces or 
Weights of the Bodies. (See Annot. XXVII. 2, 3.) 
39. But the Time T, in which the Globe by de- 
ſcending i» Vacuo with its relative Weight of 9943 
Grains, will deſcribe the Space 8 = 2,2128, is to the 
Time 7 = 1 Second, in which it deſcribed the Space 


95,219, in the ſubduplicate Ratio of thoſe Spaces; that 


is, L: 72: : , 2128: 95,219, wherefore T = 


2,2128 9 TEE . 
755,219 = 0", 15244 = the Time in which the Globe 
by deſcending in Vacuo acquires the greateſt Velocity V 
with which it can deſcend in the Water. 

40. In the next Place, to find the Velocity and the 


| = pp deſcribed in the Fluid in the whole. Time of the 


all (F) Sir {ſaac has this Method; let the * N 
be found for the Logarithm o, 43429448 19 _ ; then is 
the Velocity of the Globe at the End of the Fall = 
Ni x V. Again, let L be the Logarithm of the 
Number * then will the Space deſeribed be ** 


E 138629 
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138629 8 + 4,6051) LS. Theſe Velocities and Spaces 
deſcribed are calculated and diſpoſed into a Table by 
our Author for any Number of Seconds to 10 T. The 
Demonſtration of the above Rules is too long and intri- 
cate fof this Place, but may be ſeen in the Commentary 
on the Principia by Le Seur and Facquier. This Table 
will be inſerted at the End of this Note. 

41. By this Table you ſee how ſoon Bodies acquire 
their greateſt Velocity in deſcending in Water; for 
Inſtance, in 5 T O, 76 = 40% the Globe has required 
a Velocity which is to the greateſt as 99990920 to 
100000000. And in 10T = 1” : 30“ the Velocity of 
the Globe is to the greateſt Velocity as 99999999+ to 
100000000. Which Difference is inſenſible to the maſt 
critical Eye; and from thence (having fallen through 
37 Inches) it deſcends with an uniform Velocity to Ap- 
pearance, though it really for ever increaſes. ' 

42. If the Time of Deſcent in the Water be leſs than 
Io T, the Diſtance deſcended is ſhewn by the third 
Column ; but if it be greater, as in the preſent Expe- 
riment it is 4”, then ſay, as T: 28: 61 = 116, 1245 
Inches, becauſe Spaces deſcribed with an uniform Velo- 
city are as the Times. This uniform Space muſt be 
diminiſhed by ſubſtracting the conſtant Number 1, 38629 
S. Therefore 116, 1245 1, 38629 S = 113, 0569 Inches, 
which the Globe ſhould deſcribe in the Water in 4” by 
the Theory. 3 
43. But in the Experiment it deſcribed only 112 In- 
ches, which Difference of 1 Inch in 112 is inconfiderable, 
7 1855 have given no Diſturbance to any but Sir 
if | Newton. But he being as nice in Practice as ſkil- 

in Theory, attempted another Set of Experiments 
in a deeper Veſſel, viz. of 15,3 Feet or 183,b Inches. 


I ſhall here give the Reader a View of the Event of his 
ſeveral Experiments in both Veſſels in the following 
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Experiments. | 
ſwifty, the Times very nearly correſpond with the The- 
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In the Veſſel 112 Inches deep. PY 
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3 Experiments. ITbeo- 


— = 


11 | | 2 
| [Grains Grains -:47 1 7 
J 765] 55 | 3 18 5 15 14:48 | 
| 2] 121 1 | 3 146 |47 150 40 


In che Veſſel 183 Inches deep. 


13941 74 50 
54 21 4 29 
21271 79F | 5 1 8 
2935 301 4 28 
139 63 | 4 52 
27311404 4 113 
384 | 1922 | 4 158 
38 4 f 
111 141 43 64 | 


:— 6 In all the Experiments of the deep Veſſel, the 
Times are expreſſed in Half Seconds, that is, in all but 


the two firſt, And the ſmall Differences from the The- 


ory, Sir 1ſaac very eaſily accounts for from the oſcilla- 
tory Motion with which thoſe which deſcended moſt 
ſlowly were found to move, as in the 5th, 8th, and gth 
But in thoſe which deſcended more 


ory., Theſe Experiments were made in Water ;- others 


were made in Air, to ſhew that the Phænomena agree 


with the Theory in an elaſtic and rare Medium, as well 
as in a e and denſe one. 

45. In order to this the Denſity of Air to that of Rain 
Water is aſſumed as 1 to 860; and 5 Globes formed of 


Hog's Bladders, blown in a wooden Mould, while green, 


and taken out when dry, were let fall from the Dome of 
St. Paul's to the Pavement, from the Height of 272 Feet, 


and the Time meaſured by Half Second Pendulums ; the 


Event of all the five Globles is ſhewn in the following 
| Table, 


% i 
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Table. TI ſhall here ſubjoin a Calculation for one of 
them, viz. the zd, as follows. BE 
46. The Diameter of this Globe was  5,3=D, and 
it weigh'd 137,5 in Air. A Globe of Air of the ſame 
Diameter weighs 23 Grains, very nearly; therefore 
137, 5123 100, 5 Grains, the Weight of the Globe in 
acuo. herefore, as 23: 160, 5: : 4D: 2 8 = 98,626. 
Again, as 160, 5: 137,5: : 1933: 165, 628 Inches the 
Bladder would fall in the Air in one Second. But with 
the ſame relative weight 1374, it will in Vacuo deſcend 
through the Space S=49,313 in the Time 0”, 5450 = T, 
and acquire the greateſt Velocity with which it can de- 
ſcend in Air. he Time of the Fall was 187%, in 
which with that Velocity the Globe would deſcribe 278 
Feet 8 Inches by an uniform Motion; for 0//,4456 : 
08,626 Inches : : 187 : 2783 Feet. Laſtly, ſubdu& 
1,3863 S=5z Feet, and there remains 273 Feet, though 
in the Table, by a more accurate Calculation, it is but 272 
Feet, 7 Inches, and by the Experiment it was 272 Feet. 
47. The following Table ſhews, in the firſt Column, 
the Weight of each Globe or Bladder ; the ſecond its 
Diameter; the third the Time in which they ſeverally 
deſcended through the Height of 272 Feet; the fourth 
ſhews the Spaces they ſhould have. deſcended through 
by the Theory; and the laſt Column ſhews the Dit- 
ference between the Theory and Experiments. 


[The Peipb: | Diameter[Times Spaces per ere [ 
ans. in Inches. the Fall Theory. | Difference. 


Feet. Inch. Feet. Inch, 
2 — 111 0— 
272 — off o — 0 


128 5,28 19” 
156 $,19 I 
1372 $43 183 272 — 71 0 —7 
974 5,26 | 22 277 — 44 5 — 4 
99g E | 21 282 — 0110 — 2 


+. as XZ OR EY 2 


* 


48. According to this Theory, having found the Re- 
ſiſtance which a Globe meets with in deſcending in any 
reſiſting Medium, agreeing to its greateſt Velocity, it is 
eaſy then to find its Reſiſtance for any leſſer Velocity 
propoſed; becauſe the Reſiſtance for any given Velo- 
gitics, will be as the Squares of thoſe Velocities. 
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49. The Globe has been hitherto ſuppoſed to begin 
its Motion in the refiſting Medium from a State of Reſt; 
but we may ſuppoſe it alſo, projected into ſuch a Me- 
dium, or to enter it with unn Degree of Motion or 
Velocity; and in this Caſe we may determine the Ve- 
locity, the Reſiſtance, and the Space deſcribed in the 
Medium, from any given Time by knowing the Den- 
fity of the Globe and Medium, and the Velocity with 
which it enters it; as alſo what Part of its Motion the 
Globe ſhall! have loſt in that Time. | 

50. But in order to this, we muſt take to our Aſſiſt- 
ance the Hyperbola. Therefore let AB=Time in which 
the Globe would: loſe its whole Motion þy the Refiſt- 
ance it meets with (upon entering the Fluid,) if uni- 
formly continued. In the Points A and B erect the 


Perpendiculars A D and BC; and let BC repreſent the 


Motion or Velocity, and alſo the Reſiſtance of the 
Globe at its Entrance into the Fluid; through the Point 
C, let the Hyperbola be deſcribed to the Aſymptotes 
AD and AB continued to any Point E; in E erect the 
Perpendicular E F meeting the Hyperbola in F; com- 
pleat the Parallelogram CBEG; and draw AF cut- 
ting BC in H. | 

51. Then if the Globe in any Time BE deſcribes iꝝ 


Vacus the Space repreſented by the Parallelogram BCGE 


by its firſt Velocity B C uniformly continued, it will in 
a reſiſting Medium deſcribe the hyperbolic Space or Area 
BCFE ; and its Motion or Velocity at the End of the 
Time BE will be repreſented by the Ordinate E F, and 


the Part loſt by FG. Laſtly, its Refiſtance at the End 


of that Time will be BH, and the Part loſt HC. 
52. de: 10 = the Reſiſtance 


at the End of the Time B E, as BC is that at the Be- 


ginning. And from the Nature of the Hyperbola, BC 
EF :: AE: AB; and by fimilar Triangles AE: 
AB:: EF: BH; wherefore HB = 5 the Re- 

ſiſtance at the End of the Time BE. 
53. Hence if the Globe in any Time T loſes its 
whole Motion M by the Refiſtance R uniformly con- 
uh tinued ; 
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tinued; the ſame Globe ſhall in a reſiſting Medium, by 
the Reſiſtance R decreaſing in the duplicate Ratio of the 


Velocity, in the Time : loſe the Part 12 k of its 
: e 
whole Motion M; and then M — 1 will 


be the Part of the Motion remaining. For let m be the 
reſidual Motion, then T: :: AB: BE (by Art. 50, 
Ft.) and hence Tft: T:: AE: AB; and moreover 
M: 8: „ B: FE :: AE: KB; whence T:: T:: 
TM 
1 | 

54. Laſtly, the Space (S) deſcribed in the reſiſting 
Medium in the Time t will be to the Space (28) de- 
ſcribed by the uniform Motion M, as the Logarithm 


of the Number Se AY 2, 202585 to =>. For let AB 

a, BCS, BE, and AE ax, and L=Loga- 

rithm. Then (per Conics) the Area BC EF =abx- 

L wo. and the Rectangle BC GE, whence s : 
a FE 


Mm; conſequently m = 


28;: ab x LA ; and dividing by ab, we have 
p 

A IETOE:: 
Fg ike 7]ͥ; ade 


preſſion L =» as it here ſtands, is an hyperbolical | 


1:28: :L 


but the Ex- 


Logarithm, which is to the common tabular Logarithm 
| t 
as 2,302585 to 1. Conſequently the tabular L —.— 

* 2, 302585 = Logarithm ſought. 

55. The Spaces, Times, and Velocities of Bodies 
moving either by their Vis inſita alone, or conjointly 
with an accelerating Force, as Gravity; in reſiſting Me- 
diums of various Denſity and Ratio of Reſiſtance, may 
be analytically inveſtigated as follows. Let the initial 
Velocity, or that with which it begins its Motion in 
the Fluid be V, the Time t, the Space deſcribed s, and 
the Velocity at the End of the Time v, the Denſity of 


Y 4 = TO 


"Toad 


Fluents on both Sides, we have 3 = K 13 


nnen £0: 
the Medium 4, and the Refſtance r as 2. Then 
do's _ 


= — vp, wheref 
(by 4rt. 14.) rs VV, \ wherefore — 5 —ovv; and 


ſo ds=arvyr—n, 


56. Whence if the Denſity be n. as of Water 


then d t. And if 1 2 2; then 5 = 4 vo=1, . 


. Now s Is the Fluent of the Fluxion 5, and the Fluent 


a v 


of — —— is Qt Lu, where Qis ſome conſtant Quan» 


tity, to find the Value of which, ſuppoſe 5=Q—a Lv=0, 
then Q=@Lv, but when gg, v=V; therefore Da 


LV. - Wherefore =dLV—&Lu=aL . . 
57. The Time f is found by the Formats in Art. 10, 


| where we had { =>, but becauſe when d is given, 


Ld 
; asi v. — 1 


arvy—n. Whence taking the Fluents we have : = 


5 = anby'—n ( Art. 55.) therefore ? = > = 


SL; and putting : , we have v=V, where- 


fore Q=anVi—"; conſequently ſubſtituting for Qi 21 


V- - 

Value, we have : = Wear 
! 2 — . | 
3 a*V —a*v COON as V—y 


= 9 | | Vo 0 
58. We had above 6 = awy'—"; and REG. the 


———. let 2—n=m; then ws = V 
2—1 W 
— ay"; hence an V m — ms = a"vn; therefore v = 


1Y Me-mMSm mY 0 0 
22 =, Which Theorem therefore gives the 
” n ; . * > | , » % » 

6 8 


| mM Beg ; 
Velocity when the Space s 15 known. 
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9. In theſe Theorems we ſee the Agreement with 


the former Methods of determining, theſe Quantities, 


Thus the Space by Theorem in Art. 56, is s=a* L 7 


T 5 
2, 302585 L _ (in Art, 54.) = BCFE, the 


Hyperbolic Space in the Figure. Whence, in this Caſe, 
6*=2,302585 x 5 D. ; 

. To determine the Space s which the Globe ſhall 
have paſſed by its Vis inſita when it has loſt half its Ve- 
locity or Motion, that is, when V :v::2.1; we have 


V 
L Y. or the Logarithm of + = 4301039, which mul- 


tiplied by 2,302585 gives 0,6931; and this again, mul- 
tiplied by x N=2,6 D, gives 1,84832 D, which is 
not quite 2 Diameters. 8 | 


4 


br, The Time being alyays as a* x = or (be- 


cauſe a* is conſtant) as W therefore when — IV, = 


V—y ' a 8 
we have = = 1 = t, which ſhews the Time in 


which the Globe loſes half its Motion is half the whole 
Time; that is, BEZAB (in the Figure) the Time in 
which by an uniform Velocity BC it would deſcribe ; 
Parts of its Diameter. | | | 
62. If the Medium be ſimilar, or of an uniform Den- 
ſity, where d=1; and if the Reſiſtance be in the ſimple 
Ratio of the Velocity, then ai; and by the Theorems 
above, s=eV—av, and t ga L N and v = V— — 
6 3. If in the foregoing Equations the Velocity vg, 
* a 8 
then 5 = —.— a when u is leſs than 2, But when = 


2—n 
=2, L == Infinite; if n be greater than 2, then 


| anV n—*— any a” 
alſo 5 = 


V- y 2 BO 


= Infinite, That 


ky. V, 
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is, there is but one Caſe in which the Globe moving in 
the Fluid can loſe its Velocity, or come to a State of 
Reſt in deſcribing a finite Space, and conſequently in a 
finite Time, v:z. when » is leſs than 2. In all other 
Caſes the Motion will never be totally deſtroyed. And 
when #=1, then, though the Space be finite, viz. s = 


aV, yet 2 Time of deſcribing it will be infinite, viz. 


4 L —= Infinite. 


64. Aſter a like Manner we may raiſe Theorems for 
the Spaces, Times, and Velocities of a Body deſcend- 


ig by the Force of Gravity in any reſiſting Medium. 


For fuppoſe the Medium of an uniform Denſity, and 
the Reſiſtance in any multiplied Ratio of the Velocity, 


as 1 = =; then. for a 1 Body we have (by 


Vr 4 


2 a 


; whence . = f ‚ = 


65. Alſo becauſe (by Art. 10.) 1 2 — therefore we 


,. 7 an—" | - - : ; 
have 6 And in like Manner the The- 
3 „ —Py— 

orems for aſcending Bodies are s = . and 

p — — an— 4 | p | 

* c an- + yn 

66. If the Reſiſtance be as the Velocity, then » = 1; 
and in the deſcending Body 5 . = —v + > 
| ; c- c- 


the Fluents of which are 5s = Q—v— cL. , 
but fince when 5 = o it is © = V, therefore then 


| Q=V +cLci<YV; and ſos = V—wv + c L. 


c- V 


Cc — 


Alſo che Time is had from the Equation 7 = 


— of which the Fluents are : = Q- L= 


=o" 
= L 
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= L = =. And for aſcending Bodies 5 - Yay 
+ _ EE and t = 6 
4 — . EP. 


67, If the Reſiſtance be as the Square of the Velocity, 
then n = 2, andy = — Let Y = the greateſt Velo- 


city the Body can acquire by deſcending in the Fluid, 
and becauſe, then the Reſiſtance is equal to its Gravity 
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or Force of its Weight (by Art. 36.) we have c 


V | 
= (for in that Caſe vg V,) whence rc = N., Let 
S = Space deſcribed in Vacus to acquire the Velocity V; 
then becauſe (by Art. 17.) in that Caſe e S=/YP, 
therefore cS = 4 V, and ſo 20 8⏑ Sac, conſe- 
quently a 28. 2 f 


68. Therefore fince (Art. 64. ) : = 


133 Vu — U = xx, and taking the 


* 852 
: 2 
Fluxions vd = — x +, and therefore F = — — 


28x 


a v 


& * 


3 
a cy © 


0: 6 and taking the Fluents, s = Q—2 SL. 


x Q- SL. - = Q-SL. T-. Wherefore when 


5 = 0, we have v = V, the initial Velocity, then Qg SL. 


| — - 

VV—V*. And conſequently s = SL. = . | 

2 o Es 

69. Let L. „ . then e 8 L. N. r * 
ain N-. 
Lh 21 I= Le therefore þ 1 

1 
N 2 v. 
whence we get v* = wh ESD Wherefore 
— 
8 


the Velocity v is from thence eaſily found. 


— * * 
- 
* 
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of Reſt, then V=0; and ſo the Space 5 = SL. 
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70, The Times : is obtain'd by the Equation e = 


8 8 
9 1 os 2 
av — — EE _ ST 
(in $2. 06-17 = Po Sun + pt 


and taking the Flyents we have : = Q+ 3.7 12 — 


71 „Q — and putting t = o, 


V—y 


and fov = V, we ſhall find Q=—2.1, 2 and 


1 8 „ VTV 
therefore at length we have : = II. D 
71. If the Body deſcends in the Fluid from a State 


Wy? 


2D S „ Ft 0 
the Time t ＋ . _ and the Velocity v = 
— 
* 5 And in like Manner are found the 
54 0 
8 


Equations for the Spaces, Times, and Velocities of Bo- 
dies aſcending in a reſiſting Medium, which are the ſame 


with theſe having only the Signs of V and v changed. 


72. Thus I have given a Specimen of the ſeveral 
Ways that have been uſed to repreſent and compute the 
Motion of Bodies moving in reſiſting Mediums of an 
Denſity, and according to any Law of Reſiſtance. The 
Theorems in the latter Articles expreſs moſt of the 


. Caſes in Prop. i, 11, 111, v1, viii, xt, of Sir 1ſaac 
, Newton's ſecond Book of Principia; I could have in- 


ſerted many more, but have already extended this Note 


to a great Length; and ſhall refer the Reader to the ad- 
mirable Commentary on our Author by Meflrs. Le Seur 


and Jacguier, from whence I have collected moſt of theſe 
Articles. | 


73. I ſhall conclude with inſerting the Table referred 
to in the faregaing Computations, which is as follows, 
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= T Spaces de- Spaces de. | Spares d- 
Time of | —_— lerbedby fall-ſcribed with| ſcribed by | 
he Fall. 2 F 4. ing in the | the greateſt | falling in 

2 b 0 Iuid, | Velocity. | Vacuo, 
,001 II 9999933] 0,000001 5S| 0,002 5 [0,000001 
01 T. 999907 ©,0001 8 | 0,02 S ,0001 S 
,1 T | 9966799 9.098985 S| 0,2 8 „01 8 
2 T 1973753 9908805 8 0,4 S 04 S 
,3 T [29131201] 0,088681 80 0,6 8 p 
,4 T 37994896 0,155907 S| 0,8 8 16 8 
5 T (462117160 o, 240229 8 1,05 i 
9 8875695 o, 340270 S| 1, 2 8 368 
77 0,454540 8/1, 4 S 49 8 : 
's o, 581507 $| 1,6 S ,64 8 
3 81,8 8 818 
o, 867561 828 18 
6402758] 2, 650005 S| 48 . 
3 T *199505475| 4.618657 80 6 8 198 
4 T 199932939] 6, 614376 808 8 16 8 
1 90920 8, 613796 810 8 25 8 4 
1 998771010, 613718 8012 8 30 8 
* 99983412, 613707 8014 8 149 5 
8T 19999980 14, 613706 8016 8 38 
9 T 19999997 16, 613705 818 8 818 
| 10 T [9999gggH18,613705 SS [100 8 


k 


* 
* 
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learned Women. The Geographical Part by R. Brookes, 
M. D. and the . Hiſtorical and Biographical Parts by 
Joſeph Collyer. 


In Two Volums Folio, bound in Calf, 21. gs. 
Ditto, in the Vellum Manner, — 21. 17s. 
The Two Vols. bound in One, in Calf, 21., 188. 
Ditto, in the Vellum Manner, — 2l. 15s. 


A GENERAL HISTORY of the WORLD, from 
the Creation 'to the preſent Time, including all the 
Empires, Kingdoms, and States; their Revolutions, 
Forms of Government, Laws, Religions, Cuſtoms and 
Manners, the Progreſs of their Learning, Arts, Sciences, 
Commerce. and Trade; together with their Chronology 
Antiquities, public Buildings, and Curioſities of Nature 
and Art. By William Guthrie, Eſq; John Gray, "Eſq; 
and others. In Thirteen Volumes. Price Three 
Pounds Ten Shillings in the Vellum Manner, or 
Three Pounds and Sixteen Shillings in Calf. 


THE wok Es of SAMUEL JOHNSON, L. L. D. 
together with his Life, and Notes on his Lives of the 
Poets. By Sir John Hawkins, Knight, in Eleven Vo- 


lumes. 


f 


' HISTORY : containing 1. The Hiſtory! 
Funde, 2. TN 


in Calf. 
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lumes. Price. Three Pounds Six 3 Boards, 
or Three Pounds Seventeen Shillings in Calf. | 
A New and Accurate SYSTEM of "NATURAL 


„ 


of Quadru- 
mphibious Animals, Frogs, and Li- 
iſtory of Birds, with the Method of 
bringing up thoſe of the ſinging Kinds 3. The Hiſtory 
of Fiſhes and Serpents, inclyding Sea Turtles, Cruſta- 


pedes, includin 


ceous and Shell Fiſhes: 4. The Hiſtory of Inſects. 


FA The Hiſtory of Waters, Earth, Stones, Foſſils, and 
inerals, with their Virtues, Properties, and Medi- 


_ cinal Uſes; to which is added, the Method in which 


Linnæus has treated theſe Subjects. 6. The Hiſtory of 
Vegetables, as well foreign as indigenous, including an 
Account of the Roots, Barks, Woods, Leaves, Flowers, 
Fruits, Seeds, Refins, Gums, and concreted Juices : 
together with the Method of cultivating thoſe planted in 
Gardens. By R. Brookes, M. D. The Third Edition; 


in Six Volumes. Price One Pound One Shilling ſewed; 
One Pound Three Shillings bound in the Vellum Man- 


ner; or, One Pound Six Shillings in Calf and lettered. 


THE GENERAL PRACTICE of PHYSIC, ex- 
tracted chiefly from the Writings of the moſt celebrated 


practical Phyſicians, and Tranſactions of the London 


College, Medical Eſſays, and Memoirs of the learned 
Academies in Europe. - By R. Brookes, M. D. Seventh 
Edition, in Two Volumes. Price Ten Shillings, bound 


+ 


THE GENERAL DISPENSATORY : containing 
a Tranſlation of the Pharmacopeias of the Royal Col- 
leges of Phyſicians of London and Edinburgh : together 
with that of the Royal Hoſpital of Edinbnrgh. To 


which are added, the Doſes, Virtues, and Uſes of the 
Simples as well as Compounds, and in what Caſes 
they are attended with danger. With a Deſign to- ren- 
der the Practice of Phyſic more ſafe, eaſy, and ſucce(s- 
ful. By R. Brookes, M. D. Third Editions Price 
Three Shillings and Six-pence bound. | 
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